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(57) ABSTRACT 

Modified polybutadiene having a high-cis and low-trans 
structure with a moderate 1,2-structure content and exhib- 
iting improved characteristics such as cold flow properties, 
which is obtained by modifying starting polybutadiene hav- 
ing a Tcp/ML 1+4 ratio (Tcp: 5% toluene solution viscosity at 
25° C.ML 1+4 : Mooncy viscosity at 100° C.) of 2.5 or more 
in the presence of a transition metal catalyst. 
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POLYBUTADIENE AND PROCESS FOR 
PRODUCING THE SAME 

This application is a division of application Ser. No. 
09/875,052, filed on Jun. 7, 2001, the entire contents of 5 
which are hereby incorporated by reference ABANDONED. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to polybuladiene having a 10 
controlled microslruclure and a controlled linearity and to a 
process of producing the same. 

2. Description of the Related Art 

Polybutadiene has such a microstructure in which a 
structural unit produced by polymerization at the 1- and 15 
4-positions (1,4-stnicture) and a structural unit produced by 
polymerization at the 1- and 2-positions (1,2-structure) are 
co-present in the molecular chain. The 1,4-slruclure is 
divided into a cis-structure and a trans-structure. The 1,2- 

20 

structure has a vinyl group as a side chain. 

It is known that the microstructure of polybutadiene 
varies depending on the polymerization catalyst used, and 
polybutadiene species having different microstructurcs find 
their respective uses according to their characteristics. 25 

In particular, polybutadiene having high molecular lin- 
earity is excellent in abrasion resistance, heal generation 
resistance and impact resilience. Molecular linearity of a 
polymer can be represented by Tcp/ML 1+4 , wherein Tcp is a 
5% toluene solution viscosity at 25° C, and ML 1+4 is a 30 
Mooney viscosity al 100° C. Tcp represents the degree of 
molecular entanglement in a thick solution. The greater the 
Tcp/ML 1+4 ratio, the higher the linearity with a smaller 
degree of branching. 

The present inventors previously discovered that a polyb- 35 
utadiene having a high cis-/low trans-structure with a mod- 
erate 1 ,2-structure content and a high molecular linearity can 
be produced by using a polymerization catalyst comprising 
a metal locene type complex of vanadium and an ionic 
compound composed of a non-coordinating anion and a 40 
cation and/or an aluminoxane as disclosed in JP-A-9- 
291108. Having excellent characteristics, this polybutadiene 
is expected for application to high impact polystyrene, tires, 
etc. but, because of its relatively high cold flow, improve- 
ment is required for storage or transportation in some 45 
applications. 

On the other hand, JP-A-5 -52406 discloses a process of 
producing a conjugated diene having a branched structure, 
which comprises polymerizing a conjugated diene in the 
presence of a composite catalyst composed of an organic 50 
compound of a rare earth element, an organoaluminum 
compound, and a halogen-containing Lewis acid and adding 
a coupling agent such as an ester of a carboxylic acid with 
an alcohol or a phenol. 

JP-A-8-208751 teaches that treatment of diene rubber 55 
obtained by polymerization using a neodymium catalyst 
with a chlorinated sulfur compound brings about improve- 
ments on cold flow properties and smell of rubber. 

SUMMARY OF THE INVENTION 

60 

An object of the present invention is to provide polyb- 
utadiene having a high-cis and low-trans structure with a 
moderate 1,2-structure content and exhibiting improved 
characteristics such as cold flow properties and a process for 
producing the same. 65 

The present invention provides modified polybutadiene 
obtained by modifying starting polybutadiene in the pres- 
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ence of a transition metal catalyst, the starting polybutadiene 
having a Tcp/ML 1+/ , ratio, wherein Tcp is a 5% toluene 
solution viscosity at 25° C, and ML J+4 is a Mooney 
viscosity at 100° C, of 2.5 or more. 

The present invention also provides the following pro- 
cesses for the production of the modified polybutadiene 
described above: 

(1) A process comprising preparing starting polybuladiene 
having a Tcp/ML 1+4 ratio of 2.5 or more by using a 
catalyst system comprising (A) a metallocene type com- 
plex of a transition metal and (B) at least one of (Bl) an 
ionic compound composed of a non-coordinating anion 
and a cation and (B2) an aluminoxane and modifying the 
starting polybutadiene by addition of a transition metal 
catalyst. 

(2) A process comprising preparing starting polybutadiene 
having a Tcp/ML 1+4 ratio of 2.5 or more by using a 
catalyst system comprising (A) a metallocene type com- 
plex of a transition metal, (Bl) an ionic compound 
composed of a non-coordinating anion and a cation, (C) 
an organometallic compound of an element of the group 
1 to 3 of the Periodic Table, and (D) water and modifying 
the starting polybutadiene by addition of a transition 
metal catalyst. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The starting polybutadiene which can be used in the 
present invention has a 1,2-structure content of 4 to 30%, 
preferably 5 to 25%, still preferably 7 to 15%; a cis-1,4- 
structure content of 65 to 95%, preferably 70 to 95%, still 
preferably 70 to 92%; and a trans- 1,4-structure content of 
not more than 5%, preferably 4.5% or less, still preferably 
0.5 to 4%. 

If the microstructure of the starting polybutadiene is 
outside the above defined range, the modified polybutadiene 
derived therefrom leaves something to be desired in reac- 
tivity in grafting, crosslinking, etc. Further, it has insufficient 
rubbery properties for use a modifier additive, adversely 
affecting the balance of physical properties and external 
appearance of matrices. 

The toluene solution viscosity (Tcp) to Mooney viscosity 
at 100° C. (ML 1+4 ) ratio, Tcp/ML i+4 , of the starting polyb- 
utadiene is 2.5 or more, preferably 3 to 5. 

It is preferred for the starting polybutadiene to have a 
toluene solution viscosity (Tcp) ranging from 25 to 600, 
particularly 60 to 300, and a Mooney viscosity al 100° C. 
(ML 1+4 ) ranging from 10 to 200, particularly 25 to 100. 

The molecular weight of the starting polybutadiene is 
preferably such that the intrinsic viscosity [r|] as measured 
in toluene at 30° C. is 0.1 to 10, particularly 1 to 3. On 
polystyrene conversion, the molecular weight corresponds 
to a number average molecular weight (Mn) of 0.2x10 s to 
10x10 s , preferably 0.5x10 s to 5xl0 5 , and a weight average 
molecular weight (Mw) of 0.5x10 s to 20xl0 5 , preferably 
1x10 s to 10x10 s . A preferred molecular weight distribution 
in terms of Mw/Mn is 1.5 or greater, particularly 1.6 to 10, 
especially 1 .8 to 5. 

The starting polybutadiene can be prepared by, for 
example, polymerizing butadiene in the presence of a cata- 
lyst system comprising (A) a metallocene type complex of 
a transition metal and (B) an ionic compound composed of 
a non-coordinating anion and a cation and/or an aluminox- 
ane. 

The starting polybutadiene can also be prepared by poly- 
merizing butadiene in the presence of a catalyst system 
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comprising (A) a metallocene type complex of a transition 
metal, (Bl) an ionic compound composed of a non- 
coordinating anion and a cation, (C) an organometallic 
compound of an element of the group 1 to 3 of the Periodic 
Tabic, and (D) water. 5 

The metallocene type complex of a transition metal as 
component (A) includes metallocene type complexes of 
transition metals of the groups 4 to 8 of the Periodic Table, 
such as the group 4 transition metals (e.g., titanium and 
zirconium), the group 5 transition metals (e.g., vanadium, in 
niobium or tantalum), the group 6 transition metals (e.g., 
chromium), and the group 8 transition metals (e.g., cobalt or 
nickel). CpTiCl 3 (Cp: cyclopentadienyl) can be mentioned 
as an example of the group 4 transition metal metallocene 
type complex. 15 

Inter alia, metallocene type complexes of the group 5 
transition metals are suitable, including the compounds 
represented by formulae (1) to (6) shown below: 



RM.T. B 


0) 




(2) 


R„MX,. n .L„ 


(3) 


RMX 3 .L fl 


(4) 


RM(0)X ? .L„ 


(5) 


R„MX,.„(NR') 


(6) 



25 



wherein n is 1 or 2; and a is 0, 1 or 2. 30 

Preferred of these compounds are RM-L a , RMX 3 -L fl , and 
RM(0)X 2 L„. 

In the formulae, M represents a transition metal of the 
group 5 of the Periodic Table, such as vanadium (V), 
niobium (Nb) or tantalum (Ta), with vanadium being pre- 35 
ferred. 

R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group. 40 

The substituent in the substituted cyclopentadienyl group, 
the substituted indenyl group and the substituted lluorenyl 
group includes a straight-chain or branched aliphatic hydro- 
carbon group such as methyl, ethyl, propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, t-butyl and hexyl; an aromatic 45 
hydrocarbon group such as phenyl, tolyl, naphlhyl and 
benzyl; and a silicon-containing hydrocarbon group such as 
trimethylsilyl. The substituted cyclopentadienyl group fur- 
ther includes those having a cyclopentadienyl ring con- 
nected to part of X through a crosslinking group such as 50 
dimethylsilyl, dimethylmethylene, methylphenylmethylene, 
diphcnylmcthylene, ethylene or substituted ethylene. 

X represents a hydrogen atom, a halogen atom, a hydro- 
carbon group having 1 to 20 carbon atoms, an alkoxy group 
or an amino group. X's may be the same or different. 55 

The halogen atom includes a fluorine atom, a chlorine 
atom, a bromine atom, and an iodine atom. 

The hydrocarbon group having 1 to 20 carbon atoms 
includes a straight-chain or branched aliphatic hydrocarbon 
group such as methyl, ethyl and propyl; an aromatic hydro- 60 
carbon group such as phenyl, tolyl, naphthyl and benzyl; and 
a silicon-containing hydrocarbon group such as trimethyl- 
silyl. Preferred of them are methyl, benzyl, and trimethyl- 
silylmethyl. 

The alkoxy group includes methoxy, ethoxy, phenoxy, 65 
propoxy, butoxy, amyloxy, hexyloxy, octyloxy, 
2-ethylhexyloxy, and thiomelhoxy. 



Examples of the amino group are dimethylamino, 
diethylamide, diisopropylamino, and bistrimethylsily- 
lamino. 

X preferably represents a hydrogen atom, a fluorine atom, 
a chlorine atom, a bromine atom, a methyl group, an ethyl 
group, a methoxy group, an ethoxy group, a dimethylamino 
group, a dielhylamino group, or a bistrimethylsilylamino 
group. 

T. represents a Lewis basic compound, i.e., a general 
organic or inorganic compound exhibiting I.ewis basicity 
that can coordinate to metal. Compounds free of active 
hydrogen are preferred. Examples of such compounds are 
ethers, esters, ketones, amines, phosphines, silyloxy 
compounds, olefins, dienes, aromatic compounds, and 
alkynes. 

NR' represents an imido group, wherein R' is a hydrocar- 
bon substituent having 1 to 25 carbon atoms. Examples of R' 
include straight-chain or branched aliphatic hydrocarbon 
groups such as methyl, ethyl, propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, t-bulyl, hexyl, octyl, and neopentyl; 
aromatic hydrocarbon groups such as phenyl, tolyl, 
naphthyl, benzyl, 1-phcnylethyl, 2-phenyl-2-propyI, 2,6- 
dimethylphenyl, and 3,4-dimethylphenyl; and silicon- 
containing hydrocarbon groups such as trimethylsilyl. 

Of the metallocene type complexes of the group 5 tran- 
sition metals particularly preferred are vanadium com- 
pounds (M=V), such as RV-L„, RVX-L fl , R 2 V-L fl , 
RVXvL 0) R 2 VXL fl , RVX 3 -L„, RV(0)X 2 L„, and the like. 
RV-L„, RVX 3 L a , and RV(0)X 2 -L £7 are especially preferred. 

Specific examples of the compound represented by 
RMX 3 L 0 include the following compound groups (i) to 
(xvi): 

(i) Cyclopentadienylvanadium trichloride and mono- 
substituted cyclopentadienylvanadium trichloride, such as 
methylcyclopentadienylvanadium trichloride, ethylcyclo- 
pentadienylvanadium trichloride, propylcyclopentadi- 
enylvanadium trichloride, and isopropylcyclopentadi- 
enylvanadium trichloride. 

(ii) 1,2-Disubstituted cyclopentadienylvanadium trichloride, 
e.g., (l,2-dimethylcyclopentadienyl)vanadium trichlo- 
ride. 

(iia) 1,3-Disubstiluled cyclopentadienylvanadium 
trichloride, e.g., (1 ,3-dimethylcyclopentadienyl) 
vanadium trichloride. 

(iii) 1,2,3-Trisubstituted cyclopentadienylvanadium 
trichloride, e.g., (1,2,3-trimethylcyclopentadienyl) 
vanadium trichloride. 

(iv) 1,2,4-Trisubstiluted cyclopentadienylvanadium 
trichloride, e.g., (1,2,4-trimethylcyclopentadienyl) 
vanadium trichloride. 

(v) Tetrasubstituted cyclopentadienylvanadium trichloride, 
e.g., (l,2,3,4-tctramcthylcyclopentadicnyl)vanadium 
trichloride. 

(vi) Pentasubstiluted cyclopentadienylvanadium trichloride, 
such as (pentamethylcyclopentadienyl)vanadium trichlo- 
ride. 

(vii) Indenylvanadium trichloride. 

(viii) Substituted indenylvanadium trichloride, such as 
( 2-methy lindenyl)vanadium trichloride . 

(ix) The compounds (i) to (viii) with one to three of the 
chlorine atoms displaced with an alkoxy group(s) (i.e., 
monoalkoxides, dialkoxides, trialkoxides), such as cyclo- 
pentadienylvanadium tri(t-butoxide), cyclopentadienyl- 
vanadium tri(isopropoxide), and cyclopentadienylvana- 
dium dimethoxychloride. 

(x) The compounds (i) to (ix) with the chlorine atom(s) 
substituted with a methyl group(s). 
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(xi) Compounds in which R and X are bonded via a Of the ionic compounds, preferred are triphenylcar- 
hydrocarbon group or a silyl group, such as bonium tetrakis(pentafluorophenyl)borate, triphenylcar- 
(t-butylamido)dimethylsilyI(r) 5 -cyclopentadienyl) bonium tetrakis(fluoropheny l)borate, N,N- 
vanadium dichloride. dimethylanilinium tetrakis(pentafluorophenyl)borate, and 

(xii) The compounds (xi) with their chlorine atom(s) dis- 5 l,l'-dimcthylfcrrocenium tctrakis(pcntafiuorophenyl) 
placed with a methyl group(s). borate. These ionic compounds may be used cither individu- 

(xiii) The compounds (xi) with their chlorine atoms(s) ally or as a combination of two or more thereof, 
displaced with an alkoxy group(s). An aluminoxane (B2) as component (B) is a compound 

(xiv) The monochloride compounds of the compounds (xiii) obtained by bringing an organoaluminum compound into 
with the chlorine atom displaced with a methyl group. 10 contact with a condensing agent and includes an acyclic 

(xv) The compounds (i) to (viii) with their chlorine atom(s) aluminoxane represented by formula ( — A1(R')0 — )„ and a 
displaced with an amido group(s), such as cyclic aluminoxane, wherein R' represents a hydrocarbon 
cyclopentadienyltris(diethylamido)vanadium and group having 1 to 10 carbon atoms, part of which may be 
cyclopentadienyltris(isopropylamido)vanadium. substituted with a halogen atom and/or an alkoxy group; and 

(xvi) The compounds (xv) with their chlorine atom dis- 15 n represents a degree of polymerization of 5 or more, 
placed with a methyl group. Specific examples of RM(O) preferably 10 or more). R' preferably represents a methyl, 
X 2 include the following compound groups (xvii) to (xx): ethyl, propyl or isobutyl group, with a methyl group being 

(xvii) Cyclopentadienyloxovanadium dichloride and substi- preferred. The organoaluminum compound which can be 
tuted cyclopentadienyloxy vanadium dichloride, such as used as a starting material of the aluminoxane includes 
methylcyclopentadienyloxovanadium dichloride, benzyl- 20 trialkylaluminum compounds, e.g., trimethylaluminum, 
cyclopentadienyloxovanadium dichloride, and (1,3- tricthylaluminum, and triisobutylaluminum, and mixtures 
dimcthylcyclopcntadicnyl)oxovanadium dichloride. thereof. An aluminoxane obtained from a mixture of trim- 
Methylated compounds derived from these compounds by ethylaluminum and tributylaluminum is suitable as compo- 
displacing the chlorine atom(s) with a methyl group(s) are nent (B2). 

also included under this group. 25 The condensing agent is typically water. In addition, 

(xviii) Compounds in which R and X are bonded via a arbitrary condensing agents causing a trialkylaluminum to 
hydrocarbon group or a silyl group, such as amidochlo- condense, such as adsorbed water of an inorganic substance 
ride compounds, e.g., (t-butylamido)dimethylsilyl(r| ,5 - or a diol, can also be used. 

cyclopentadienyloxovanadium chloride. Methylated In the present invention, polymerization of butadiene can 

compounds derived from these compounds by displacing 30 be carried out in the presence of (C) an organometallic 

the chlorine atom(s) with a methyl group(s) are also compound of the group 1 to 3 element of the Periodic Table 

included under this group. in combination with components (A) and (B). Addition of 

(xix) Compounds in which at least one of X's is an alkoxy component (C) is effective in increasing the polymerization 
group, such as cyclopentadienyloxovanadium dimethox- activity of the catalyst system. The organometallic com- 
ide and cyclopentadienyloxovanadium di(isopropoxide). 35 pound of the group 1 to 3 element includes organoaluminum 
Monochloride compounds of these alkoxide compounds compounds, organolithium compounds, organomagnesium 
can have the chlorine atom displaced with a methyl group. compounds, organozinc compounds and organoboron com- 

(xx) Compounds in which X is an amido group, such as pounds. 
(cyclopentadienyl)bis(diethylamido)oxovanadium. Examples of the organometallic compound as component 
Of component (B) which constitutes the polymerization 40 (C) are methyllithium, butyllithium, phenyllithium, bistrim- 

catalyst, the ionic compound (Bl) is composed of a non- ethylsilylmethyl lithium, dibutylmagnesium, 

coordinating anion and a cation. The non-coordinating anion dihexylmagnesium, dielhylzinc, trimethylaluminum, 

includes tetraphenylborale, letra(lluorophenyl)borale, Iriethylaluminum, triisobutylaluminum, boron trill uoride, 

lelrakis(dilluorophenyl)borale, lelrakis(lrilluorophenyl) and triphenylboron. 

borate, letrakis(tetrafluorophenyl)borate, and tetrakis 45 Further, organic metal halides, such as ethylmagnesium 

(pentafluorophenyl)borate. chloride, dimethylaluminum chloride, diethylaluminum 

The cation includes a carbonium cation, an oxonium chloride, sesquiethylaluminum chloride, and ethylaluminum 

cation, an ammonium cation, a phosphonium cation, a dichloride; and organic metal hydrides, such as diethylalu- 

cycloheptyltrienyl cation, and a ferrocenium cation having a minum hydride and sesquiethylaluminum hydride, are also 

transition metal. 50 useful as component (C). These organometallic compounds 

Examples of the carbonium cation include tri -substituted may be used either individually or as a combination of two 

carbonium cations, e.g., a triphenylcarbonium cation and a or more thereof. 

tri(substitutcd phcnyl)carbonium cation (e.g., a tri A preferred catalyst system comprises (A) RMX 3 , e.g., 

(methylphenyl)carbonium cation and a tri(dimethylphenyl) cyclopentadienylvanadium trichloride (CpVCl 3 ), or RM(O) 

carbonium cation. 55 X 2 , e.g., cyclopentadienyloxovanadium dichloride (CpV(0) 

Examples of the ammonium cation include trialkylam- Cl 2 ), (B) triphenylcarbonium tetrakis(pentafluorophenyl) 

monium cations, e.g., a trimethylaammonium cation, a tri- borate and (C) a trialkylaluminum, e.g., iriethylaluminum. 

ethylammonium cation, a tripropylam monium cation, a Where an ionic compound is used as component (B), the 

Iributylammonium cation, and a tri(n-bulyl)ammonium cat- above-described aluminoxane may be used as component 

ion; N,N-dialkylanilinium cations, e.g., an N,N- 60 (C) in combination. 

dimethylanilinium cation and an N,N-diethyIanilinium cat- While the ratio of the catalyst components varies depend- 

ion; and dialkylammonium cations, e.g., a ingon various conditions and their combination, a preferred 

diisopropylammonium cation. molar ratio of the aluminoxane as component (B) to the 

Examples of the phosphonium cation include triarylphos- metallocene type complex as component (A), (B)/(A), is 1 to 

phonium cations, e.g., a triphenylphosphonium cation. 65 100000, particularly 10 to 10000; a preferred molar ratio of 

These non-coordinating anions and cations are combined the ionic compound as component (B) to component (A), 

arbitrarily to provide an appropriate ionic compound. (B)/(A), is 0.1 to 10, particularly 0.5 to 5; and a preferred 
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molar ratio of component (C) to component (A), (C)/(A), is 
0.1 to 10000, particularly 10 to 1000. 

It is preferred for the catalyst system to further comprise 
water as component (D). A preferred component (C) to 
component (D) molar ratio, (C)/(D), is 0.66 to 5, particularly 
0.7 to 1.5. 

The order of adding the catalyst components is not 
particularly restricted. 

If desired, hydrogen may be present in the polymerization 
system for molecular weight regulation. The amount of 



The transition metal compound of the transition metal 
catalyst includes titanium compounds, zirconium 
compounds, vanadium compounds, chromium compounds, 
manganese compounds, iron compounds, ruthenium 
compounds, cobalt compounds, nickel compounds, palla- 
dium compounds, copper compounds, silver compounds, 
and zinc compounds, with cobalt compounds being pre- 
ferred. 

The cobalt compounds preferably include salts or com- 



hydrogen that can be present is preferably not more than 500 10 ^ °^ f ' Suitable examples of the cobalt salts are 
mmol, still preferably 50 mmol or less, per mole of cobalt chl ™ de > cobalt bromide, cobalt mtrate, cobalt 
butadiene, or preferably not more than 12 liters, still pref- octylate, cobalt naphthenate, cobalt versatate, cobalt acetate, 
erably 1.2 liter or less, at 20° C. and 1 atm., per mole of and cobalt malonate. Suitable examples of the cobalt com- 
buladicnc. plexes are bisacetylacetonato cobalt, 

It may be either a part of, or the whole of, butadiene to be 15 trisacetylacetonatocobalt, bis(ethyl acetoacetato)cobalt, an 

organic base complex of halogenated cobalt, such as a 
triarylphosphine complex, a trialkylphosphine complex, a 
pyridine complex and a picoline complex, and an ethyl 
alcohol complex of halogenated cobalt. 
20 Preferred of these cobalt compounds are cobalt octylate, 
cobalt naphthenate, cobalt versatate, 
bisacctylacctonatocobalt, and trisacetylacctonatccobalt. 

The organoaluminum compound of the transition metal 
catalyst includes trialkylaluminums, such as 
25 trimethylaluminum, triethylaluminum, triisobutylaluminum, 
trihexylaluminum, trioctylaluminum, and tridecylalumi- 
num; dialkylaluminum halides, such as dimethylaluminum 
chloride, dimethylaluminum bromide, diethylaluminum 
chloride, diethylaluminum bromide, diethylaluminum 
30 iodide, dibutylaluminum chloride, dibutylaluminum 
bromide, and dibutylaluminum iodide; alkylaluminum 
sesquihalides, such as methylaluminum sesquichloride, 
methylaluminum sesquibromide, ethylaluminum 
sesquichloride, and ethylaluminum sesquibromide; and 



polymerized that is added in the polymerization stage before 
addition of a transition metal catalyst for modification. In the 
former case, a mixture of the above-described catalyst 
components can be mixed into the rest of the butadiene 
monomer or butadiene monomer solution. The rest of the 
butadiene monomer or butadiene monomer solution is added 
after completion of this stage of polymerization and before 
or after addition of a transition metal catalyst hereinafter 
described. 

Butadiene as a monomer can be used in combination with 
a minor proportion of other monomers. Examples of the 
other monomers that can be used in combination include 
other conjugated dienes such as isoprene, 1,3-pentadiene, 
2-e thy 1-1, 3 -butadiene, 2,3-dimethylbutadiene, 
2-methylpentadiene, 4-methylpenladiene, and 2,4- 
hexadiene; acyclic monoolefins, e.g., ethylene, propylene, 
butene-1, butene-2, isobutene, pentene-1, 4-methylpentene- 
1, hexene-1, and octene-1; cyclic monoolefins, e.g., 
cyclopentene, cyclohexene, and norbornene; aromatic vinyl 



compounds, e.g., styrene and a-methylstyrene; and non- 35 monoalkylaluminum halides, such as methylaluminum 

conjugated diolefins, e.g., dicyclopentadiene, 5-ethylidene- dichloride, methylaluminum dibromide, ethylaluminum 

2-norbornene, and 1,5-hexadiene. dichloride, ethylaluminum dibromide, butylaluminum 

The polymerization method is not particularly limited, dichloride, and butylaluminum dibromide. These aluminum 

and solution polymerization, bulk polymerization, and the compounds can be used either individually or as a mixture 

like can be adopted. In bulk polymerization, 1,3-butadiene 40 of two or more thereof. Diethylaluminum chloride is par- 

also serves as a polymerization solvent. Useful solvents for ticularly preferred of them. 

solution polymerization include aromatic hydrocarbons, While the amount of the transition metal compound, such 

e.g., toluene, benzene, and xylene; aliphatic hydrocarbons, as the cobalt compound, to be used is subject to variation in 

e.g., n-hexane, butane, heptane, and penlane; alicyclic a broad range according to a desired degree of branching, it 

hydrocarbons, e.g., cyclopenlane and cyclohexane; olefinic 45 is preferably from lxl0~ 7 to lxlO" 3 mol, particularly 

hydrocarbons, e.g., 1-butene and 2-butene; hydrocarbon 5xl0" 7 to lxlO" 4 mol, per mol of butadiene existing at the 



solvents, such as mineral spirit, solvent naphtha and kero 
sine; and halogenated hydrocarbons, e.g., methylene chlo 
ride. 



modifying reaction. 

The amount of the organoaluminum compound to be used 
is also subject to variation in a broad range according to a 



In the present invention, it is preferred that the monomer 50 desired degree of branching but is preferably from lxlO" 5 to 



be preliminarily polymerized at a prescribed temperature in 
the presence of the above-described catalyst. Preliminary 
polymerization is carried out by gas phase polymerization, 
solution polymerization, slurry polymerization, bulk 
polymerization, and the like. The solid or solution obtained 
by the preliminary polymerization is then subjected to main 
polymerization either after once isolated or as produced. 

The polymerization is preferably carried out at -100 to 
200° C, particularly -50 to 120° C, for 2 minutes to 12 
hours, particularly 5 minutes to 6 hours. 

After the reaction accomplishes a predetermined poly- 
merization ratio, a transition metal catalyst is added to the 
reaction system thereby to modify the polymer chain. 

The transition metal catalyst which can be used in the 



5x10"" mol, particularly 5x1 0~ 5 to lxlO - " mol, per mole of 
butadiene existing at the modifying reaction. 

Water is used in any amount according to a desired degree 
of branching. It is preferably added in an amount not more 
55 than 1.5 mol, particularly 1 mol or less, per mole of the 
organoaluminum compound. 

After polymerization is carried out for a prescribed period 
of time, an inhibitor, such as an alcohol, is added to the 
reaction system to cease the polymerization. If necessary, 
60 the pressure in the polymerization lank is liberated. The 
resulting modified polybutadiene is worked up by washing, 
drying, and the like. 

The modified polybutadiene according to the present 



invention desirably has a Tcp/ML 1+4 ratio of 3 or less, more 
present invention is preferably a system comprising (1) a 65 desirably 0.9 to 3, most desirably 1.2 to 2.5. 
transition metal compound, (2) an organoaluminum com- The modified polybutadiene preferably has a Tcp of 30 to 
pound and (3) water. 300, particularly 45 to 200. The modified polybutadiene 
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preferably has an ML 1+ ,, (100° C.) of 10 to 200, particularly allowed to react at 40° C for 10 minutes. After the reaction, 

25 to 100. The modified polybutadiene preferably has a cold ethanol containing 2,6-di-t-butyl-p-cresol was added to 

flow rate (CF) less than 20 mg/min, particularly less than 15 cease the reaction, and the solvent was removed by evapo- 

mg/min. ration to give modified polybutadiene. The polymerization 

The present invention will now be illustrated in greater 5 results arc shown in Tables 1 and 2. 
detail with reference to Examples, but it should be under- 
stood that the invention is not construed as being limited EXAMPLE 2 

thereto. The microstructure, intrinsic viscosity r riL toluene r> r w j a j n t u * r 

, -, /T* \ • • ,*mt <rJZ Preparation of Modified Polybutadiene 

solution viscosity (Tqi), Mooney viscosity (ML 1+4 , 100 J 

C), and cold flow rate (CF) of polybutadiene were measured 10 The same procedure of Example 1 was followed, except 

as follows. that the amount of the water-containing toluene (300 mg/1) 

1) Microstructure added after polymerization was changed to 8.4 ml. The 
The microstructure of polybutadiene was determined by results of polymerization are shown in Tables 1 and 2. 

calculation from the intensity ratio of absorptions at 740 

cm -3 for cis-l,4-structure, 967 cm -1 for trans-l,4-stmcture 15 EXAMPLE 3 

and 910 cm" J for 1,2-structure (vinyl) in infrared absorption Preparation of Modified Polybutadiene 

spectroscopy. 

2) Intrinsic Viscosity [r\] ^he same procedure of Example 1 was followed, except 

Measured at 30° C. in a toluene solution. that 5 ^ of water was added after polymerization in place of 

3) T C p 20 the water-containing (300 mg/1) toluene. The results of 

A polymer weighing 2.28 g was dissolved in 50 ml of * polymerization are shown in Tables 1 and 2. 

toluene, and the viscosity of the toluene solution was mca- EXAMPLE 4 
sured with a Canon Fenske viscometer No. 400 at 25° C. A 

viscometer-correction standard liquid specified in JIS Z8809 Preparation of Modified Polybutadiene 

was used as a reference solution. 25 , n , . c „ , 

4) MT 100° C procedure ot Example 1 was followed, except 

Measured in accordance with ITS Kfi^no that 1 ° ^ ° f Water WaS added after P ol y merization in P Ia <* 

Measured in accordance with JIS K6300. of ^ waler „ containing (300 mg/1) toluene The resulls of 

jl i , , , c „ 0 „ . , . polymerization are shown in Tables 1 and 2. 
A polymer, kept at 50 C, was sucked in a glass tube 

having an inner diameter of 6.4 mm by a pressure difference 30 EXAMPLE 5 

of 180 mmHg. The weight of the polymer sucked up was 

divided by 10 minutes to obtain a cold flow rate (CF; Preparation of Modified Polybutadiene 

mg/min). jfc samc procedure of Example 2 was followed, except 

wwthfqki FYAivyfPr p 1 *° r cnan g m g tne modifying reaction time after the polymer- 
ia IN lHtiM;> tAAMrLt 1 35 iza(ion was changed tQ 5 minutes> The results of polymer- 

Preparalion of Starting Polybutadiene iza,ion are shown in Tables 1 and 2 - 

Into a 1.7-1 autoclave purged with nitrogen were charged EXAMPLE 6 

260 ml of cyclohexane and 140 ml of butadiene and stirred. D f . - w . n . u . 

To the mixture was added 6 of water, followed by stirring 40 Preparation of Modified Polybutadiene 

for 30 minutes. Hydrogen gas was introduced into the The same procedure of Example 3 was followed, except 

autoclave in an amount of 90 ml as measured at 20° C. and for changing the modifying reaction time after the polymer- 

1 atm. with an integrating mass How meter. Then 0.36 ml of ization was changed to 5 minutes. The results of polymer- 

a 1 mol/1 toluene solution of trielhylaluminum (TEA). After ization arc shown in Tables 1 and 2. 

3 minutes stirring, 0.4 ml of a 5 mmol/1 toluene solution of 45 
cyclopen lad ienyl vanadium trichloride (CPVC1 3 ) and 1.2 ml 

of a 2.5 mmol/1 toluene solution of triphenylcarbonium Preparation of Modified Polybutadiene 
tetrakis-(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) were 

added thereto in this order to perform polymerization at 40° The sarae Procedure of Example 3 was followed, except 
C. for 30 minutes. After completion of the reaction, ethanol 50 for chan 6 in & the modifying reaction time after the polymer- 
containing 2,6-di-t-butyl-p-cresol was added to stop the ! zaUon was caan S ed to 15 minutes. The results of polymer- 
reaction, and the solvent was removed by evaporation to ization are shown in Tables 1 and 2. 

give 40 g of polybutadiene. The polybutadiene of Synthesis COMPARATIVE EXAMPLE 1 
Example 1 is regarded as a starting polybutadiene in 

Examples 1 to 7 and Comparative Examples 1 and 2. The 55 Preparation of Polybutadiene 

physical properties of the resulting polymer is shown in Butildie ne was polymerized in the same manner as in 

Synthesis Example 1 (40° C.x30 min). Without adding 

EXAMPLE 1 anything, the stirring was continued for an additional 10 

minute period (total polymerization time: 40 minutes). The 

Preparation of Modified Polybutadiene 60 results of polymerization are shown in Tables 1 and 2. 

Butadiene was polymerized in the same manner as in COMPARATIVE EXAMPLE 2 
Synthesis Example 1 (40° C.x30 min). To the reaction 

mixture were added 4.2 ml of toluene containing 300 mg/1 Preparation of Polybutadiene 

of water, 4 ml of a 1 mol/1 toluene solution of diethylalu- 65 The procedure of Example 1 was followed, except that 

minum chloride (DEAC), and 2 ml of a 5 mmol/1 toluene cobalt octylate was not added after the polymerization. The 

solution of cobalt octylate (Co(Oct) 2 ), and the system was results of polymerization are shown in Tables 1 and 2. 



EXAMPLE 7 
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SYNTHESIS EXAMPLE 2 

Preparation of Starling Polybuladiene 

Into a 1.7-1 autoclave purged with nitrogen were charged 
260 ml of cyclohexane and 140 ml of butadiene and stirred. 
To the mixture was added 6 //l of water, followed by stirring 
for 30 minutes. Hydrogen gas was introduced into the 
autoclave in an amount of 95 ml as measured at 20° C. and 
1 atm. with an integrating mass flow meter. 'ITien 0.36 ml of 
a 1 mol/1 toluene solution of triethylaluminum (TEA). After 
3 minutes stirring, 0.42 ml of a 5 mmol/1 toluene solution of 
cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.25 
ml of a 2.5 mmol/1 toluene solution of triphenylcarbonium 
telrakis(pentafluorophenyI)borale (PhsCBCQFs),!) were 
added thereto in this order to perform polymerization at 40° 
C. for 30 minutes. After the reaction, ethanol containing 
2,6-di-l-butyl-p-crcsol was added to stop the reaction, and 
the solvent was removed by evaporation to give 41 g of 
polybutadiene. The physical properties of the resulting poly- 
mer are shown in Table 4. The polybutadiene synthesized in 
Synthesis Example 2 is regarded as a starting polybutadiene 
in Examples 8 to 1 1 and Comparative Example 3. 

EXAMPLE 8 

Preparation of Modified Polybutadiene 

Butadiene was polymerized in the same manner as in 
Synthesis Example 2 (40° C.x30 min). To the reaction 
mixture were added 8.4 ml of toluene containing 300 mg/1 
of water, 2 ml of a 1 mol/1 toluene solution of diethylalu- 
minum chloride (DEAC), and 1 ml of a 5 mmol/I toluene 
solution of cobalt octylate (Co(Oct) 2 ), and the system was 
allowed to react at 40° C. for 5 minutes. After the reaction, 
ethanol containing 2,6-di-t-bulyl-p-cresol was added to 
cease the reaction, and the solvent was removed by evapo- 
ration to give modified polybutadiene. The polymerization 
results are shown in Tables 3 and 4. 

EXAMPLE 9 

Preparation of Modified Polybutadiene 

The same procedure of Example 8 was followed, except 
that 5 /d of water was added after polymerization in place of 
the water-containing (300 mg/1) toluene. The results of 
polymerization are shown in Tables 3 and 4. 

EXAMPLE 10 

Preparation of Modified Polybutadiene 

The same procedure of Example 8 was followed, except 
that 8 /d of water was added after polymerization in place of 
the water-containing (300 mg/1) toluene. The results of 
polymerization arc shown in Tables 3 and 4. 

EXAMPLE 11 

Preparation of Modified Polybutadiene 

'Ihe same procedure of Example 9 was followed, except 
for changing the amounts of the toluene solution of diethy- 
laluminum chloride (DEAC) and the toluene solution of 
cobalt octylate (Co(Oct) 2 ) to 1 ml and 0.5 ml, respectively. 
The results of polymerization are shown in Tables 3 and 4. 

COMPARATIVE EXAMPLE 3 

Preparation of Polybuladiene 

Butadiene was polymerized in the same manner as in 
Synthesis Example 2 (40° C.x30 min). Without adding 
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anything, the stirring was continued for an additional 5 
minute period (total polymerization time: 35 minutes). The 
results of polymerization are shown in Tables 3 and 4. 

5 SYNTHESIS EXAMPLE 3 

Preparation of Starting Polybutadiene 

Into a 1.7-1 autoclave purged with nitrogen were charged 
260 ml of cyclohexane and 140 ml of butadiene and stirred. 

10 To the mixture was added 5 /d of water, followed by stirring 
for 30 minutes. Hydrogen gas was introduced into the 
autoclave in an amount of 100 ml as measured at 20° C. and 
1 atm. with an integrating mass flow meter. Then 0.36 ml of 
a 1 mol/1 toluene solution of triethylaluminum (TEA). After 

15 3 minutes stirring, 0.5 ml of a 5 mmol/1 toluene solution of 
cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.5 ml 
of a 2.5 mmol/1 toluene solution of triphenylcarbonium 
telrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) were 
added thereto in this order to perform polymerization at 40° 

20 C. for 30 minutes. After the reaction, ethanol containing 
2,6-di-t-bulyl-p-cresol was added to stop the reaction, and 
the solvent was removed by evaporation to give 40 g of 
polybuladiene. The physical properties of the resulting 
polybutadiene are shown in Table 6. The resulting polyb- 

25 utadiene is regarded as a starting polybutadiene in Examples 
12 to 16. 

EXAMPLE 12 

30 Preparation of Modified Polybutadiene 

Butadiene was polymerized in the same manner as in 
Synthesis Example 3 (40° C.x30 min), except for changing 
the amount of hydrogen introduced to 115 ml as measured 

35 at 20° C. and 1 atm. To the reaction mixture were added 10 
ml of toluene containing 300 mg/1 of water, 0.2 ml of a 1 
mol/I toluene solution of dicthylaluminum chloride 
(DEAC), and 0.5 ml of a 5 mmol/1 toluene solution of cobalt 
octylate (Co(Oct) 2 ), and the system was allowed to react at 

40 40° C. for 15 minutes. After the reaction, ethanol containing 
2,6-di-t-butyl-p-cresol was added to cease the reaction, and 
the solvent was removed by evaporation to give modified 
polybutadiene. The polymerization results are shown in 
Tables 5 and 6. 

45 EXAMPLE 13 

Preparation of Modified Polybutadiene 

I he same procedure of Example 12 was followed, except 
50 for changing the amount of hydrogen introduced to 130 ml 
as measured at 20° C. and 1 atm., adding 7 ju\ of water after 
polymerization in place of the water-containing toluene (300 
mg/1), and changing the amount of the toluene solution of 
DEAC to 0.5 ml. The results of polymerization are shown in 
55 Tables 5 and 6. 

EXAMPLE 14 

Preparation of Modified Polybutadiene 

60 Into a 1.7-1 autoclave purged with nitrogen were charged 
260 ml of cyclohexane and 140 ml of butadiene and stirred. 
To the mixture was added 5 f.A of water, followed by stirring 
for 30 minutes. Hydrogen gas was introduced into the 
autoclave in an amount of 110 ml as measured at 20° C. and 

65 1 atm. with an integrating mass flow meter. Then 0.36 ml of 
a 1 mol/1 toluene solution of triethylaluminum (TEA). After 
3 minutes stirring, 0.5 ml of a 5 mmol/1 toluene solution of 
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cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.5 ml toluene solution of cobalt octylate (Co(Oct) 2 ), and the 

of a 2.5 mmol/1 toluene solution of triphenylcarbonium system was allowed to react al 40° C. for 15 minutes. After 

letrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 r 5 ) 4 ) were the reaction, ethanol containing 2,6-di-t-butyl-p-cresol was 

added thereto in this order to perform polymerization at 40° added lo cease lhe reaclioi]j and lhe solvem was remowd by 

C. tor 30 minutes. Further, 4.8 ml of toluene containing 300 5 4 - A a a i u , j- i 

it c • n i if -t m i . . evaporation to give modified polybutadiene. The polymcr- 

mg/1 of water, 0.1 ml of a 1 mol/1 toluene solution of . . .. . • T . / ^ , 0 

diethylaluminum chloride (DEAC), and 0.5 ml of a 5 mmol/1 lzatl0n resultS are shown in Tables 7 and 8 " 

toluene solution of cobalt octylate (Co(Oct) 2 ), and the 

system was allowed to react at 40° C. for 30 minutes. After EXAMPLE 18 

the reaction, ethanol containing 2,6-di-t-butyl-p-cresol was 10 
added to cease the reaction, and the solvent was removed by 

evaporation lo give modified polybuladiene. The polymer- Preparation of Modified Polybutadiene 
izalion results are shown in Tables 5 and 6. 

The same procedure of Example 17 was followed, except 

EXAMPLE 15 15 f or caging tne amount of hydrogen introduced to 125 ml 

Preparation of Modified Polybuladiene as raeasured at 20 ° C - «>d 1 atra - and additionally feeding 31 

g (50 ml) of 1 ,3-butadiene after the polymerization. The 

The same procedure of Example 1 4 was followed, except results of polymerization are shown in Tables 7 and 8. 
for changing the amount of hydrogen introduced to 140 ml 

as measured at 20° C. and 1 atm., adding 5 fil of water after 20 

polymerization in place of the water-containing (300 mg/1) EXAMPLE 19 
toluene, and changing the amount of the toluene solution of 

DEAC to 0.3 ml. The results of polymerization are shown in Preparation of Modified Polybutadiene 
Tables 5 and 6. 

25 

EXAMPLE 16 The same procedure of Example 17 was followed, except 

for changing the amount of hydrogen introduced to 130 ml 

Preparation of Modified Polybutadiene as measured at 20° C. and 1 atm. and additionally feeding 62 

'llie same procedure of Example 15 was followed, except , n & ^ (10° ml) of 1,3-butadiene after the polymerization. The 

for changing the amount of water added after polymerization results of polymerization are shown in Tables 7 and 8. 
to 8 f.i\ and changing the amount of the toluene solution of 

DEAC to 0.5 ml. The results of polymerization are shown in EXAMPLE 20 
Tables 5 and 6. 

SYNTHESIS EXAMPLE 4 35 Preparation of Modified Polybutadiene 

Preparation of Starting Polybutadiene Xhe same procedure of Example 17 was followed, except 

Into a 1.7-1 autoclave purged with nitrogen were charged for changing the amount of hydrogen introduced to 100 ml 

260 ml of cyclohexane and 140 ml of butadiene and stirred. 40 as measured at 20° C. and 1 atm. and changing the amounts 

To the mixture was added 5.4 /d of water, followed by of the water-containing toluene solution, the DEAC toluene 

stirring for 30 minutes. Hydrogen gas was introduced into solution, and the cobalt octylate toluene solution to 4.2 ml, 

the autoclave in an amount of 100 ml as measured at 20° C. 0.1 ml, and 0.5 ml, respectively. The results of polymeriza- 

and 1 atm. with an integrating mass flow meter. Then 0.36 tion arc shown in Tables 7 and 8. 

ml of a 1 mol/1 toluene solution of triethylaluminum (TEA). 45 
After 3 minutes stirring, 0.5 ml of a 5 mmol/1 toluene 

solution of cyclopentadienylvanadium trichloride (CpVCl 3 ) EXAMPLE 21 
and 1.5 ml of a 2.5 mmol/1 toluene solution of triphenyl- 
carbonium tetrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 E 5 ) Preparation of Modified Polybutadiene 
4 ) were added thereto in this order to perform polymeriza- 50 

tion al 40° C. for 30 minutes. After the reaction, ethanol TU , rT! . 0rt f „ . 

. . • *> * j. . r 4 1 1 > 1 « , The same procedure of Example 20 was followed, except 

containing 2,6-di-t-butvl-p-cresol was added to stop the r , t r , , . , , t \ M % 

1 ' . , , . for changing lhe amount of hydrogen introduced o 105 ml 

reaction, and the solvent was removed by evaporation to 7 4 ™o^ , * / * , ,- • ,1 c 

give 42 g of polybutadiene. The physical properties of the as ™ as ^ d f ™ ^ and 1 atm - and additionally feeding 31 

resulting polybutadiene are shown in Table 8. The resulting ,5 * < 50 ml) of ^ 3 " butadiene after the polymerization. The 

polybutadiene is regarded as a starting polybutadiene in results of polyrnenzation ar e shown in Tables 7 and 8. 
Examples 17 lo 22. 

EXAMPLE 17 



EXAMPLE 22 



60 

Preparation of Modified Polybutadiene Preparation of Modified Polybutadiene 

Butadiene was polymerized in the same manner as in 

Synthesis Example 4 (40° C.x30 min), except for changing The same procedure of Example 20 was followed, except 

the amount of hydrogen introduced to 110 ml as measured for changing the amount of hydrogen introduced lo 105 ml 

at 20° C. and 1 atm. To the reaction mixture were added 6 65 as measured al 20° C. and 1 atm. and additionally feeding 62 

fA of water, 1.0 ml of a 1 mol/1 toluene solution of diethy- g (100 ml) of 1,3-butadicnc after the polymerization. The 

laluminum chloride (DEAC), and 0.5 ml of a 5 mmol/1 results of polymerization are shown in Tables 7 and 8. 
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TABLE 1 





H 2 0 


DEAC 


Co(Ocl) 2 


Reaction 


Reaction 


Yield 




(mmol) 


(mmol) 


G'mol) 


Temp. C C.) 


Time (min) 


(g) 


Example 1 


0.07 


4 


10 


40 


10 


43 


Example 2 


0.14 


4 


10 


40 


10 


44 


Example 3 


0.28 


4 


10 


40 


10 


45 


Example 4 


0.56 


4 


10 


40 


10 


44 


Example 5 


0.14 


4 


10 


40 


5 


40 


Example 6 


0.28 


4 


10 


40 


5 


42 


Example 7 


0.28 


4 


10 


40 


15 


40 


Comparative 


0 


0 


0 


40 


10 


47 


Example 1 














Comparative 


0.28 


4 


n 


40 


10 


47 


Example 2 















TABLE 2 



Microstructure (%) CF 





cis 


trans 


1,2- 


hi 


Tcp 


ML lt4 


Tcp/ML 1|4 


(mg/min) 


Syn. Ex. 1 


87.6 


1.3 


11.1 


2.30 


105.4 


35.1 


3.0 


28.2 


Ex. 1 


87.8 


0.8 


11.4 


2.31 


107.0 


40.8 


2.6 


14.7 


Ex. 2 


87.8 


0.9 


11.3 


2.25 


96.4 


40.5 


2.4 


14.9 


Ex. 3 


87.6 


1.2 


11.2 


2.40 


118.7 


55.9 


2.1 


3.9 


Ex. 4 


88.2 


1.3 


10.5 


2.03 


55.0 


50.6 


1.1 


1.7 


Ex. 5 


87.8 


0.9 


11.3 


2.21 


88.3 


37.7 


2.3 


17.6 


Ex. 6 


87.7 


1.0 


11.3 


2.38 


118.1 


48.5 


2.4 


9.5 


Ex. 7 


87.4 


1.4 


11.2 


2.08 


63.6 


37.5 


1.7 


11.1 


Comp. Ex. 1 


87.5 


1.0 


11.5 


2.38 


117.8 


37.8 


3.1 


24.1 


Comp. Ex. 2 


87.6 


1.1 


11.3 


2.53 


146.6 


42.4 


3.5 


17.6 



TABLE 3 







DEAC 


Co(Oct) 2 


Reaction 


Reaction 


Yield 




(mmol) 


(mmol) 


(«mol) 


Temp. (° C.) 


Time (min) 


(g) 


Ex. 8 


0.14 


2 


5 


40 


5 


42 


Ex. 9 


0.28 


2 


5 


40 


5 


47 


Ex. 10 


0.44 


2 


5 


40 


5 


49 


Ex. n 


0.28 


1 


2.5 


40 


5 


40 


Comp. Ex. 3 


0 


0 


0 


40 


5 


45 



TABLE 4 



Microstriictuie (%) CF 





cis 


trans 


1,2- 


In] 


Tcp 


ML, +4 


Tcp/ML 1+tl 


(mg/min) 


Syn. Ex. 2 


87.6 


1.2 


11.2 


2.42 


126.0 


39.4 


3.2 


21.9 


Ex. 8 


87.8 


0.8 


11.4 


2.47 


134.2 


48.1 


2.8 


11.5 


Ex. 9 


87.9 


0.9 


11.2 


2.49 


138.6 


59.9 


2.3 


3.0 


Ex. 10 


87.9 


0.9 


11.2 


2.50 


139.9 


67.9 


2.1 


1.1 


Ex. 11 


87.8 


1.1 


11.1 


2.23 


90.9 


45.9 


2.0 


6.4 


Comp. Ex. 3 


87.7 


0.8 


11.5 


2.60 


158.3 


44.1 


3.6 


19.0 



TABLE 5 






H.O 


DEAC 


Co(Oct) 2 


Reaction 


Reaction 


Yield 




(ml) 


(ml) 


(mmol) 




Temp. (° C.) 


Time (min) 


(g) 


Ex. 12 


115 


0.17 


0.2 


1 5 


40 


15 


43 


Ex. 13 


130 


0.39 


0.5 


2.5 


40 


15 


48 


Ex. 14 


110 


0.08 


0.1 


2.5 


40 


30 


39 


Ex. 15 


140 


0.28 


0.3 


2.5 


40 


30 


48 


Ex. 16 


140 


0.44 


0.5 


2.5 


40 


30 


43 
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TABLE 6 



Mtcrostructure (%) CF 





cis 


trans 


1,2- 


m] 


Tcp 


ML 1+4 


Tcp/ML x+4 


(mg/min) 


Syn. Ex. 3 


87.8 


1.0 


11.2 


2.49 


138.0 


39.2 


3.5 


24.8 


Fx. 12 


88.3 


0.9 


10.8 


2.30 


103.9 


50.6 


2.1 


5.5 


Ex. 13 


88.1 


1.2 


10.7 


2.10 


68.6 


34.8 


2.0 


17.9 


Fx. 14 


87.3 


1.3 


11.4 


2.36 


115.5 


38.5 


3.0 


21.8 


Ex. J 5 


88.0 


1.0 


n.o 


2.31 


106.6 


45.3 


2.4 


9.9 


Ex. 16 


87.6 


1.2 


11.2 


2.16 


78.3 


37.2 


2.1 


15.9 



TABLE 7 





«2 

(ml) 


Additional 
Monomer 

(g) 


H 2 0 
(mmol) 


DliAC 
(mmol) 


Co(Oct) 2 
(//mo I) 


Reaction 
Time (min) 


Yield 
(g) 


Ex. 17 


110 


0 


0.33 


1.0 


2.5 


15 


46 


Ex. 18 


125 


31 


0.33 


1.0 


2.5 


15 


50 


Ex. 19 


130 


62 


0.33 


1.0 


2.5 


15 


59 


Ex. 20 


100 


0 


0.07 


0.1 


2.5 


15 


48 


Ex. 21 


105 


31 


0.07 


0.1 


2.5 


15 


50 




105 


62 


0.07 


0.1 


2.5 


15 


53 



TABLE 8 



Microstructure (%) CF 





cis 


trans 


1,2- 


hi 


Tcp 


ML 1+4 


Tcp/ML, +4 


(mg/min) 


Syn. Ex. 4 


87.8 


1.0 


11.2 


2.14 


74.4 


26.1 


2.9 


59.3 


Ex. 17 


88.7 


0.9 


10.4 


2.25 


95.3 


39.7 


2.4 


15.3 


Ex. 18 


89.7 


1.0 


9.3 


2.06 


61.5 


35.2 


1.7 


15.0 


Ex. 19 


91.0 


1.0 


8.0 


2.35 


113.2 


58.1 


1.9 


2.7 


Ex. 20 


88.2 


0.9 


10.9 


2.22 


89.8 


38.6 


2.3 


16.1 


Ex. 21 


89.1 


1.0 


9.9 


2.24 


92.3 


38.9 


2.4 


16.1 


Ex. 22 


90.2 


1.0 


8.8 


2.30 


104.5 


47.5 


2.2 


7.7 



As is apparent from the foregoing Examples, the modified 
polybutadiene according to the present invention has a 
reduced linearity and improved cold flow properties as 
compared with the starting highly linear polybutadiene 
while retaining the microstructure of the starting polybuta- 
diene having a high cis- 1,4-structurc with a moderate 
proportion of a 1,2-structurc. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 

What is claimed is: 

1. A process for producing modified polybutadiene com- 
prising preparing starting polybutadiene having a Tcp/ 
ML 1-M ratio of 2.5 or more, wherein Tcp is a 5% toluene 
solution viscosity at 25° C, and ML 1+4 is a Mooney 
viscosity at 100° C, by using a polymerization catalyst 
system comprising (A) a metallocene type complex of a 
transition metal and (B) at least one of (Bl) an ionic 
compound composed of a non-coordinating anion and a 
cation and (B2) an aluminoxanc and modifying said starting 
polybutadiene by addition of a transition metal catalyst. 

2. The process for producing modified polybutadiene 
according to claim 1, wherein an additional amount of a 



butadiene monomer is added before or after the addition of 

40 said transition metal catalyst. 

3. The process for producing modified polybutadiene 
according to claim 1, wherein said transition metal catalyst 
comprises (1) a cobalt compound, (2) an organoaluminum 
compound, and (3) water. 

45 4. A process for producing modified polybutadiene com- 
prising preparing starting polybutadiene having a Tcp/ 
ML 1+lV ratio of 2.5 or more, wherein Tcp is a 5% toluene 
solution viscosity at 25° C, and ML 1+4 is a Mooney 
viscosity at 100° C, by using a polymerization catalyst 

50 system comprising (A) a metallocene type complex of a 
transition metal, (Bl) an ionic compound composed of a 
non-coordinating anion and a cation, (C) an organomctallic 
compound of an clement of the group 1 to 3 of the Periodic 
Table, and (D) water and modifying said starting polybuta- 

55 diene by addition of a transition metal catalyst. 

5. The process for producing modified polybutadiene 
according to claim 4, wherein an additional amount of a 
butadiene monomer is added before or after the addition of 
said transition metal catalyst. 

60 6. The process for producing modified polybutadiene 
according to claim 4, wherein said transition metal catalyst 
comprises (1) a cobalt compound, (2) an organoaluminum 
compound, and (3) water. 
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0|£| fll^S 



Tcp/ML, +4 B|(Tcp: 25°CO)|AJ 5% #^ g£. MLi +4 : 100°C01|A1 ^q SS 1 -)^ 2.50|^e §!S 



6|QK 

Ma^q.qeu^ fe^s ^tf^i 1.4 ^xia a-=?&2\ mms.^ sggg aavsM.s 

=?3S)^l ^Xh±H gOil ^ES^ Df0|3^ "7WI3 2iq. 1.4-?3S^ AIMcis) =?3E2f ^£H^(tran 

2*3 #£)^qqeL«^ee ne^l -^£3 oil maf .2|^2| 2iq. 

. gX\ £1g£0| Mei^qqeL 1 ° LflDfeS . m^g^ S! (impact resi I ience)0| *?=£o1 

q. H&X\9\ £X\ Tcp/ML I+4 S UE}y 4= Si^CH . Tcp^ 25°C0l|Ai 5% g £0| 

3. ML, +4 ^ 100'COIIAi ^LJ"S£0|Q. Tcp^ ge» (thick -sol ut ion) Oll^j ^X|£| ^tjgSf qqLfJOI. 

Tcp/ML, M S| ^^|£(degree of branching)^} ^OUI0AH ^ §^0| ^0^1 q. 

^ iSXfig 01a XII 9-291108011 }HA|=J Hm§2] DH^gAn (metal locene)g % 

y|«H_?l^ gOI^JU £0|£o^ Ol^Oi^l 0| t\mmm S!/SEb ^¥Dm^(aluminoxane)# tf-R^^ § 
& ^DH# A^otOI 1. 2 ^S^^g^^ 2 A|^-/Ai g^^-?5f ^ >yg^g 

^ #ej^qqey# M\^m ^ 2iq^ ^6[«q. ^§§ ^oi2j MBj^qqeUE Ui# 

mbi^ei^i, qoioi eoiisi m%o\ ^iCHElxiy. uin^ °M(coid f low)ffH^oil. a>¥^ e 
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gOll 910\M^ X-ISOIU if£J0| 

XII 5-5240B01I iimff £4^2] ^?|g^D|s OT§ S! ft£3l ^0|^ 

^ ^xim ^y\o\o\. g?\=??sm ^ 5^ qonsi *ii3e&soi ^HAiijot&q. 

^PHS 8-20875101!^ Lijsqg m\\m OlggJ- ^IfSS q^L'Jl^M SSHPII 5ltJ#S *|5|e! 

5ioi ^ah si ie ^.m smoiiM t^si^q^ 3101 ;>haieioi °m. 

¥ 1.2-=?'S |^g££ 32-Aj^: SI A1-e^H^ g>13. 

^ S0| =^0H2| EXHmOIIAl Tcp/ML l+4 U|(0P|A|. Tcpb 25tO||Ai 5% m^Vl ^ 3S0IIQ. 

ml i+4 ^ ioo°co)|ai ^q m^.o\c\)y\ 2.501^01 #Bl^qqoii# 2£mcn ^CHSI S£ ^£l¥qqe!}# 
^ £>>:?|2| £2 MBI¥Ef-qoyg m& 3K?|2| (1) SI (2)£J §§§ XilS^q: 

(1) 30|^2| *f^g(A) SI b|UH?]^ eO|^3f o rof ^o^ 0|^CH£] 0| S£ 3tttB(B1) 51 
% V ^0\^M(B2) m ^CH£ em(B)f ^OMIM OISSJOI -2.50|£>£>| Tcp/ML I+4 U1M =£| 

Stir 53. 

(2) 201^21 OflUStflS ^mtJ^(A). b|HH?|^ gO|g^ ^Ol^o^ 0|^0i3 0|£g S*tfM(B1). ^ 
?|gH 1-3^ £j^2J S|HP(C) SI #(0)e Bft*t^ ^OH^Ig 0|gofr01 2.50|#2| Tcp/ML, +4 b| 



¥ W£0\\M M^m ^ g!S M£l¥Efq?i!e 1.2-^2*^^01 4-30%. U}gZioPI|b 5-25%. q b^if 

SjSPIIb 7-15%: A|^-1.4-?2«^go| 65-95%. B\^o\?\\^ 70-95%. q Hfg^S^I^ 70-92%: S! M^j 
^-1.4-?3E&^^0| 5%0|oK BH*3{oPilb 4.5%0|oK q H^^jo^t^ 0.5-4%^ gi^q. 

SJS MBI^qqeL'^l g^J S£CTc P )2j- looroiiAi ^q §£(ml i+4 )£| hi. Tc P /Mi_ l+4 b 2.501^. u[ 

^^'6MI^ 3-50| q. 

am pai^qqeii^ s^en g^i s'hctcp)^^ 25-600. u^sje^ib 6o-3oog?i si ioo-coiiai -^q §s 

(ML I+4 )^J 10-200. HfiT^oMi^ 25-100^1 ^Of H|^5J^q. 

Mai¥qq?«2] sxras § 30°coiiai "3«Sff[a]^ 0.1-10. ^si 1-301 ^01 um 

™o\\L\. i£|AEj§ gXfgg 4 ^2 (Mn)0| 0.2 x 10 5 -10x 10 5 . bH}5]SMI^ 0.5x10 5 -5x 

10 5 0|3. §2. SX^(Mw)0| 0.5x10 5 -20x10 5 . H^5JS^|^ 1 x 10 5 -10x 10*01 P .- H^5|^ ^X\^ 

(Mw/Mn)7h 1.50|£h H^3{6^jfe 1.6-10. q Uf^^io^l^ 1 .8-501 q. 

MHl¥E^qo«s 0j| SMS . 301^^21 Dll^^dj^ ^SIliM(A) °J b|HH^I^ Moi giat g^OI^HS 0| 

^ojxi oi^^. mmmis) §y/EEb ^fom^2s oi^ch^ ^dh^isi ^ahb^iai ^qq^e g^£g^ 

?11 51 91Q. 

oi^^ m% h mw). ^y\m& 1-3^ ^1^^ mtiM(c) ?j .§(d)§ ^^6^ ^dh^ ^xhs^iai 

^«(A)o| tHI^S^g 4.^ 2O|^^(OJ|gl0. q& SI X|§Sh),: 5^ 30|^^ 

(01]«2 . UiU§, Lt^M SE^.&^). 6^ 5j0|g^(0He#g. 3§) SI 8^ 3 Ql ^^(011 M#3 . 3W§ 

£b Ulnar ^= ^^IMS 4-8^ 301^^21 DiiirsiLig ^mtt## stf^q. CpTiCi 9 (Cp:A|psi!qq 

oiiy)^ 4^ soj^^ tm^^Aijg ^pmm^\ oii^ eisi 4= 

^fo| . 5^ S0|^^£J Dil^S<5»§ ^afHI§ SPIOII qqtH (1)-(6)S SAIS aff if SHofb 3301 ™ 

(1) RM • L, 

(2) R n MX 2 -n : L 3 

(3) R n MX 3 ln • L. 

(4) RMX 3 - L 8 
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(5) RM(0)X 2 • U 

(6) R n MX 3 -n(NFr) 

{#?\ A>g01|Ai 1 2; g] 0. 1 £E^ 2# UEhtHP.) 

&?\2\ SOIIAI RM • L a . RMX 3 • L a §y RM(0)X 2 -L a O| bfg?|5fq. 

4PI ±\0\\M . ME Hm§(V). Lj^g(Nb) ££^ E*Gt(Ta)jl} ^?l^H 5^£| SO|=^g LjEKHDf . Hf 

I4g0| 'U}B3I3}Q. 

R° Ai^sgjqqoiiy?!. Aies=!iEjqoiiy;>i. amiy^i, xie^i ejaiy^i . M^aiypi se^ *i 
xi^@ aiuse! qqoiiy?!. xi^g °iaiy?i °? xi^^i M^seiiy^ioiiAi *i^;m = niis. ohii . h^^. 

OldbH^H. n-^y. Oli^l. sec-^i!. t-^ii S! IJg X|^ &m^^l £ir ^X|±H 

§ A| «^ E*3t4*£?l: miy. Ml(tolyl). L|ny ^ »y S3 f E*3t4^?l: S! M 3 0|| ij g §j j2t 

^E ff^tJ-^ &m4^?is 3i,^Q. ^ilu^K xi^si AH^yqqoiiy?!^ qmig^g. qimyDiiii^i. 
DilgjUiy magi, quiyoiigg!. onigy se^ xie^' oHasyai ?na?tM ^oH xpi ^ tJS ah 
^HE^qoiiy g§ 3^ 3»g sif^q. 

UEJLHD1. i^U q#^£ 2iq. 

1^21 g]X^ if2§ &X\. <g± g]XK MM °J fi2E £JX[§ 

1-20^H^ &i SWg &5f^^^lb Di|g. dig ^ HSg3|- ^iH§ X|£^ g 

XUfjg X| &3f4^l: nijy . fi. i45g S! gig a* E*ah^?l: SI OflS A| U 

e ^i^-R <Bs>l^±J\m S£f&q. 0| ^ gOIIAj HHJsse* 3iE Dt|g. £!§! SI M£|D|ll^gD||goiq. 

SJ^APIfe Dil^AI, Q\mA\. Dll ^A| . 5^=A|. ^=A|. O^^AI. *]^A|, ^H^A|. 2-0||^^^^A| 

SI Eismi^Aig ss&q. 

o^i^7|£| oiigg qDil^otDiic.- qoiisiojDiii. qoi^-HSgojoiic si ti|^^E|D||^^^otD|^oiq. 

Xfe HUfSIWll 4*4: 8! XI. §f2= SXK £UL MM §W. EH I IP I . OiliPI. DII^Apl. dl^API. 

qiHiaojDiin^l. qoill!o^a|in7| se^ ui^M^jDiiy ^gofni^^i m qqyiq. 

le ¥0!^ s^isin^. ^. ^^oii hh?I1 ^ ¥0|^ ^?\^m qqui^ ^y^joi cc^ ^-jm 
^goiq. ^^^1 ^3 £ixj ^M.^oi B^^js^q. o] y ^ sf^^e^l oiime oiieii = . oii^eii 

= . 3hjs . ohej . s^si. ^igMAi m&m. mvm. qvi. mmm ^ grejoiq. 

NR'E 0|D|£7|S UEKHfl . 01?|A1 R ^ 1-25^H°| ^i^^f x|HP|0|q. R'5J OjlMB CHI 

^ , Oil id . Hs^H . 0|4iHS^. n-^g . OJ^^g. sec-Yl 1 . t-^i! . . ^y °J U| S^j ^ ^ 

±m xi«^ ee^ ^xi ±m n&m <Bm^±?\ : miy . #1. qsy. a>g. i-myoiiy. 2-mi 

y-2-5Si, 2, 6- q Di| y.Ej| y °J tHI^Sliy^ g^lf^ &SJ4»^I: SI ^ £J dl H 4' H 3f ^E 

. 5^ 301^^^ miU-SdlS ^WMIAI RV-L b , RVX- L^. R2V-L b . RVX2-U. R 2 VX-L a . RVX 3 -L a . 
RV.(0)X 2 '-L a #S|. umg ^eg(MFV)0| 'U^5!C|D|. ^s| RV • L a , RVX 3 • L a . SI RV(0)X 2 • L a 0| . q ^ bf^ 

^!o>q. 

RMXa'- L.S ati£|'b aUfMOllAi ojj^ spjo| ( i )-( x vi)#' 

( i ) Aie^qqouyHfq^ Eeifgyois 'sj Dii^Ai^^qqoiiy hju^ ^^^^^oih. oii^ai^ 
?iiE^ciojiy h^u§ M£[g^E[0|H. H^§!Aie^5Liqqo!iybm§ ^\m^\o\^ si oi^hs^aim^S] 
qqoiiybKU§ Eai^^EFoiH m^i 2'ic(mpno)xi&s Ai^s?yqqoiiy'ymg" eE|g.safO|.E. 

(ii) . " i.2-q(dfl"sies Aie^aiqqoiiy umg . msiissioiH. otieeoi; 0.2 
-qtHl^Aie^5yqqoiiy)bm§ EEimsetoiH. 

(iia) 1 .3-qx|^sj ai ^^2! qqoiiy bjq § ^m^\o\^. o\\mmo\, (i .3-q iHiiiAi ^saiqqouy )u\ 

U§ ,E"a|gsaO|£-; 

(iii) 1.2,3-es|*|^£i A|.^saiEFC|0||yumg .^BI^^efOIH. 01|g#0H.- (1 ,2,3-MEI Ofli! A|S£S!EFq 

(iv) v,2.4-e£|x|^@ All ssyqq oil yum§ ^ei^^^oiH, oii#goi. (i.2.4-M£|Qili|A|g^2Liqq 

(v) qi^ei- ^ib=! AiM^iqqoiiy H[Lf§ ^bi^^eiois. oii«oi . (U2 P 3.4-£i|Ee|ifli^A|#s?«qq 
ona)Hmg ^eim^eioih: 

(vi) (?iiqi}|i^At^£?ii E^qoiiy )bm§ M£j#^Efoi^£f *ue\ Ai^siiqqoiiy u>us 
Msejoih. . 

(vH) syqiyujug .eei^se}oiH. 



.12-3 



12-3 



^2001-0111018 

(ix) S^H ( i )-(vm)0||Aj 1-3J\\9\ <™±$IX\J\ SJ^AI?!^. ^. Sici^A r 0|H. qg^ArOIH §£J^ 

AfoiH^ xi^s Ai^^qqoiiy ufq§ ebj (t-^^ A ^ 0 |H) . AHsi!E r qoiiybm§ M£|(o|^h^=aj 
oi^) §j A|#snyqqoiiyHH4S qfll^Ai^£ r ois ^sj a r Us- 

(x) mmm ( s )-(ix)oiiAi g^^§ duioi^ mmw. 

(xi) (t-^gofo|£)q[Hig^g( a 5 -AiM^5Liqqoiiy)bi-u§ PM^BrOissr ^oi r gy x?\ em^^^l 

(xiii) Srtf^ (xi)2| @!XKM)0| g^A|Z?|S SfUM. 

(xiv) mmm (xiii)2i g^x^f oiiioi^ xieg s.±m^.z\o\E. mtzm. 

(xv) sine (i)-(viii)2| S^gUK^)oi o\n\^?\^. x\m^ A| ^ q q oil y eg ^ ( q oil n o r a| bf q§ 

(xvi) mtsm (xv)2j g^gx^ oui??!^ mmm. 

rm(o)x 2 °j =?-m\™ o\\ms mmm (xvii)-(xx)2j m&wm ser&Q. 

(xvM) mmMm^EiQGVdmiumm p^s^oih. sj^Ai^^&iqqoiiy ^^HfUs p^sbfoih si 

(1 .3-qDi|gAiM^Ejqoiiy)^^bm§ q^s^ois AiM^SJqqoiiy ^b r q§ PMSBrOiH ■ sa 
AieseiEfqoiiy^^^ug q^Bfois. £p|2| mtJ^oiiAi S^gjXKM)oi mig^K^)^ x\m 

£|Oi ^£ES| D||gJ2t@ sH^MS ^A| 01 !?|01| S^gjq. 

(xvjii) R °j X? r 0 r 0|£^^0|H &0| &Sf4=4:^I SE£r gffS smMSAI. 0||S^ 

(t-^go^|s)qDi!^^g(a 5 -Aies?liqqoj|y)^4:Hhq§ ^s^o|H7} £<q. gj\2\ mmmouM <£±m 

xk»oi wisjkss xi©£|ch SrUes s^q. 

(xix) A|#^?yqqoiiy^^Hm§ qmi^AfoiH gy AigssyEtqoijy «ium§ q(0|4iHS^Ar0iH)2r 

aoi x § ^ich£ §m;f ^^apioi st&g. ^pi2i gmAfoiH mmmzi e^e^oi^ m^m^ 

(xx) (Aie^?nqqot|y)y|^(qojiao}D|£)^^BmM^ &oi x^j otD|£?foj m®m. 

£^ (Bpf §&^dhs S?. oi mtJM(Bi)g b|dH?i£! ^o|^ gy o^oj^o^ oi^oi^iq. ui 

bh^i^ goi^oii^ EiiE^iHjyseiioiE. ei|E£Ke¥S^ffliy)aaioje. Ei|E^|>.(qg= SS niiy)aai 

0|E. EHEBf?|^.(e2|ss 2S]Ii ,y) fia , 0 | m> EJ|eej3[i(g|e^H = £S]U|y) He j|o| e gj E|| e 2f3| ^(ffl! 

^oi goii ^ ?[Mh gfois. gfois. gjois,. ^ois. Aig^ugj^qoiiy gjois 

SI 30|g^M UlS/flfe ^0|^ (ferrocenium cation)^ Stf^Q. 

h 2foi£ N.N-qoiiiJOhyB|fe g^oi^ i^e N,N-qy-^ofyei^ ^oi^§; qoi^H^g^SH 

.SIR; , 

oi "sa 'si&goiiAi MBjmiy5^s Eil^£[?l^(5iiEfg¥S^niiy)eai6ie. M5i'ioy?jHH - ajeai^j^M 
¥2Smy)a-gioie.. N.N-q.wigJoryBi& yi^£^i^(?iiEfM-¥2^rHiy)saioi^ °i i.r-qDnamisAii^ 
Eii^£^i^(Eiq#¥s^miy)saioi^^} ynr*jotq. oi^^ ^u-M^e se^ 2m 01^ 

(B)^Ai -s.^oi^ (B2)^ f^is^oi^ mtmoi ^tjxiiat s^oi -gois- : aterO- ss.^ (- 

AltR')0-)nS HS £] ^ H|Sf§ (acy.cl ic) ^^0] ^"g (eye lie) if Dl^^i SU^Cf. g.'£J 

^Oi|A|. R-^ 1-10?H2| e^SAJ# BS^^^IM UEKHCH. ^^eiJ^X} gJ/Sfe- i^A|7|^ 

xiei 4" ng 5 0|^ p bh^s^i^ 10 0|^2| ^m^M qqyjq. R'b u^s|»WI -fe oj|g. 

l^M E£]o^ D[ - s^^Q - ^£|D1iy ^^Qf °i eg| ^ggr^D|fe2| BUMS 

S o^ D ,^o| (B2)s sjssm. 

^|#2J ^^f4= (adsorbed water) q H(di ol ) # AFg^ 4= 2»q. 

^ ^SOIIAI. ^qqoilo| (A) °l (B)0j| ^?ieH 1-3^ ^l^^ ^rtlM (C)M SUAIU3J2| 

^Hsi-oil 4= 2iq. (O^ soh^isj itti^i gcHm^m sBf^oiq: 1-3^ ^^ej 

^^1 mttie ^^i^^qih ifiii, ^j\^m snifi. ^^idhjui^ £fti§. ^^io>2 sft,^ 
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(c)sAi mirgsi on#s^ mmz-im. miy£is. Hi^^BiDiig^^Diig em. q 

§± MB|g^S£[0|H si eeiniiyg^^j oiq. 

>l|CPf. 0j|^D[3Lil^ ^BtOJS. q0i|ggf^0|te g^^OIH. q01!g^¥0|s gS5K>IH. M\±m 
(sesqui)Oil^^¥D| s ^^OjH si oung^ni^ q^^o|H£| as ^1 3^ i^^l^g; q oil g ^ 

(a) rmx 3 . "oils Ai^^qqoiiy H[q-§ ^q^^oiH (c P vci 3 ) rm(o)x 2 . oiis Ai^ssyq 
qoiiy^iumg q^^etois (c P v(0)ci 2 ). (B) M£|Eiiy5^s E«ey3|^(ig]E[g^asiii|.y)aaioi e 

SI (C) M£|0||^a h ¥Dls^ ^£ E £ |ov^o^ D |- g &ft*t^ 510| U}SZ(*tP. 

01 S^gO| £g (B)^ Q|gH S^. £P|cq ojs D |^o| i^OJIAi £g (C)^ Af^fi ^ oiq. 

^DH 3^2J qofst 3S2j Si £tJ0i| Ca£f ^mSI^XIEI. £g (B)2| ifD|^4 £g (A)2] DIII^ 

dJ§ bf^^jE) M«l (B)/(A)-b 1-100.000. HHfS|SPI|fe 10-10.000: 2^ (B)2J- (A)^ 

0|££ S^MSj U[^^ =H1. (B)/(A)fe 0.1-10. HUf^oPlIb 0.5-5: (C)2fr £^ (A)2| bUJ*]^ 

s 01 . (C)/(A)£r 0.1-10,000. UH**|SPIIfc 10-1 .00001 p. 

^IMPJ £^ (D)S If q &ftft}^ 3101 bf^i^Q. £g (C)2f £^ (0)2] eul. (C)/(D)fc 0.66-5. 
HJBSIflMlfc 0.7-1.50|q. 

^dh ^^e^| iP^Al^r =o| Taiafsjojxi &q. 

HHOll my. gfMI 4=4^ gxfi* 3S^e ?iofl ^XHi? 4= Siq. 4^2] ^Xfli*£ uiBS|SPIIfe ^qqei] 

1§g 500mmol 01 «K q b^^u^!^ SOmmol 0|6h0|>iq. 20°C . 1 ?|tfO||/d b^^g^l^ ^E}qoil 1 S3 

12I0ISK q H^5|8^ife i.2iOimoiq. 

§W£A10||AH S0|=^ ^pHM S^olOi E£A|?Pl SOIL ¥qqe!]2j fj^ se^ 

^ °iq. £JXhOi|Ai £f7| s=QH£^M2| Bt^ME ^Ei-qoii stoi EEfe ^qqeil SicOi g°»2j &¥S B 

^ si p. ¥E^qeL« e^Di ee^ ^qqey e^m gs»2| s^fe s&gts ? °! s^ioiiAi 
£1^ 30|^^ ^DH2| tp[ 3 se^ ^oil S^^iQ- 

StDiS ^Ehqoys qs e^^goj ^tmoi ^ °iq. StfOfl M^m ^ 91^ q# Hin 

□1^21 oiie° oiiH^j. 1 .3-siiqqeii. 2-chi^-i ,3-^e|c|oii ( 2.3-qDii^^Efqoii. 2-Dii^^iEhqeii . 4-mi 

iJSiiqqoji cy 2.4-^jAfqey ^2| goH (conjugated) qpj|: Oll^^l. nggejj, . «&1l-2. OI^^Ej. 

(norbornene) -=2| St^^iej: ^qey Si a-Oill^qti! ^21 B|ysHf^: °| qAIM^EJ- 

qeil. 5-oiigqei!-2-iney! °! 1 .5-«]Afqeii2| b\^qh qggyge S^shQ. 

^tr^ge ^^o\ «|^E| xi &HDl..g5H^. ^3§t eoi ^ oiq ^^g^oiiAi. i ,3-^qq 

ey oi goH^ xiii^q. §^§t^oii §dh§^ P¥ey. gysi s! ^i>^ n-*» 

¥&. SI ?tie°J X| ESF^db: A!M^?U& SI A|^«]#2| Xl^^Hej (al icycl i c) 

T-¥S! Si 2-^!dl2J ^£1IE!^| .&£|^^: OlUlih ^E| B|M(spi r i t) . gDH q'HEj S! ?IISd 
(kerosine)02| gDH^ Si D|| g gi ^Sq0|H2] ^^^^3 esf^iii S^t^q. 

£ ^SOllAi £^q# ^^lt! ^DH2| eXHmOll ^§ SSEOIIAI . Oil HI ffofb 510| Uff5!o|Cf. 0||b|^lf^ 
^I^I^T gtJ. ^sj, ^£JB| -fu. g3 gfj- ^o.^ A|^siq. 0||U|gtfos. gojxj .^2g^ cc^ a 

st^ 0H^5!oM]^ -100-200°C. q dH,^o^lb -50-120°C0||Aj 2^-12A|e[. q UF^S^Ib 5^-6 A] ^ 

gel oi^oisq. 

ii. f ^^01 ^S2j gt^bl^ 01^013 ^. 3.01 ^OiPf Jl^Xf jy|o|a ^^A|5|7| ?|oH ^g^lOfl S 

^ ^SOIlAi A^m 1 ^ 301^^ ^OH^ td^^o^j^ (1). S0|^^ Sflfi. (2) f?7| g^^Dlfe. m& 

M Si (3) K 0|^Oi5! PtlOJCI . 

soi^^ ^DH2j 3oi^^ snipe q& ^itiPM. xi m^^M. bm§ wii, 3§ sur^e. 

sUTMf. ° miiee Si 0}^ S^moi. aftfs^oi bF^?|5fq. 

SHIMMY b^h^i^^i 3^eoj g EE^ 5t, f ElQ- ^ ^ 011^^^ 

•l^^OIE. H^DfOI^. U0|^e}|Q|e. =^a|0|^. UHEilLIJOl e 

(naphthenate) , 5Zg^m biAfEi|0|e (versatate) , 0m|61|0|M Si ^SLi|0|M7J °iq. 

*f^2| Oj|§gfe y|^0Milg0U1l£L1|0|£3^e. EB|OMIIi!OlAi|£L||0|£aBre. b|^(0i|g- 0\M\£. 

omii£)s^^. ^eioms^S! . mbi^s^si ^g. nieiEJ ^tn si nis^j E2j *^ey^> 
3^^2|. ^y\^?\ **m Si 3^eoj oi|^ s0| °iq. 

^|2j sH,^0}|Ai b[if^o> 3^ 3i§ ^^£||0|E. q^E||U|0|E. tHA[E||0|E. 

B|^0M1|^0f^fSL1|0|£^^e °i ^BI^OMII^OMifSmoi e^Bheoiq. . 

30|^^ ^0H2] «^|°i^0|fe SHJ^S E£|[}j|goi = D|^. E£|0illJi^0| s. Ma0|^^^ti^D|fe. M 

M£l^^^¥Dlfe. ^£|C||4'^¥0|^ E3\ §£|g^^fD|fe: q Oil ^^^0 Is 

^oi^. qDiiyw^ois m^djoih. qoili/g^oife m^\o\^. qon^?J^oi^ ^^dfoih. qoi|^°^ 
□Is QhOisqoiH. ci^iifDife m^o\^. q^H^^ais ^^ofois. P¥i^?atH ohoi 2.qo\ 
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— q^Ug^nis i?^2!sr#: oms^oife M\±mW^0\^. Qllli^oife Ai|^?|«£rJr0| 

ehi^^^dIh Q^seioiH. Diii^fDi^ qM^D r 0|H. oii^s^niH Qm^o\E.. oi|go^ a( - 
q^DfoiE. ¥1^¥QIh qmsbioih. ^i'^di^ qssahoiH e^iJgJ^Dis trs 

^m^. 2\tiW3\ i^e 5?oi^^ mt^2j s^sre gsf^ ^tsoii am ^ ° s^iohai qg^ij ^ &h 

CN. MBl^E^qofl Ifg HrU^SPIIb lXlO* 7 -lx10 _3 mol. E| HH^'SPil^r 5x 1 0 _? -l X 10~ 4 |>ol0| q . 

^ispilfe £2 gtg'oii S*H3 r ^ ¥E}qe!i 1x10"*-5x10~ 2 boI. q H\m^ Sxio" 5 -! xio" 2 moioiq. 

U^^ofJilfe 1mol0|e[OIQ. 

Sff0| AlZl^ov * r o^^ ye^^l|Xl|(inhibitor)^F SX|.A|?P| ?|6H ^§211011 

S^^siq. HfiorqS. §t]^(polymeri zat ion tank)l_H¥ 21^ s q. £ 01*1 If £| "E* q 21!^ 

>MI^. 2 55§ e^i ^xiejs ^q. 

^ ^Sdi 2Je> #Ej^qqey^ 301m. Br^^MI^ 0.9-3. q Hr^*IWH= 1.2-2.521 Tcp/ml, +4 hi 

2£ MBI¥qq2y& Hh^^'6^|^ 30-300. q UH^SMib 45-2002J Tcpg g>n °>q. =B|^qq 
?J!£ 10-200. HHH£|SPl|fe 25-10021 ML i+4 (100°C) M £jq. ^£ Mei^qqeD^ O^SiSMI^ 20rag 

/minDf °j. q b r if*! SKfll ^ 15mg/mi nD| B}2] f£ f^(CF)H ^^q. 

^ ^aioiis q x\M\t>\ ^S§ r 2!X|&K £ ^goi op I oil 3j*isi ^o!£^ 0|SHoH>M^ £J£!q. 

^qqoysj □foiss n^^sfn]. M^eii §°JiS£ (Tcp). ^q §£(ML (+4 . ioo 8 c) ^ §e 

8 W|2| ^30^ ^S^SP- 

1) D r 0l3^ 

MBI¥qq2LI2J U[0\zim. ^2|£] #^^i^gOi]A| Ai^-1 .4-=PS^ 740cm~\ .4-^5^ 

967cm" 1 °J K2-=?3E(d|y)e 910cm" 1 0||A1 H| ^ ^MC}. 

2) 

m ¥ oi| goHg A^6KM 30°C0)|Ai ^§£|£jq. 

3) Tcp 

2.28g# m^?" 50me0i| £o\\o\Jl. W^Vl 25°C0l|Ai 3>Ht Sl^l SS^il (Canon Fenske 

viscometer) No.400o^ ^§3fSP. H^o^ Z2gg H^(J!S Z8809)# AfgerSP- 

4) ML, +4 . 100'C 

JIS K63000JI ^n\0\ ^S£|Sq. 

5) CF 

§H ^^(CF;mg/min)8 50*C0I1A1 3gXri 180m ffl 'Hg2j ^^x^ LH§ 6.4mri2j 0|gB r O1 

[t,^0j| 1] 

as Mei^qq?«2| a^i^ • 

1 -1& a£^a|0|«, i^S A|#^Si<y 260m£ °J ^E r q?jl 140m€# -^^1 nymsq ^tf 

#0{[ m S^fSrH 30g^y _^t/6rSq. 20°C . 1 PI ^Oil Ai ^^^1^1 90m£^# S^^M^I 

(integrating mass flow meter)S ^§o r 0i S£gd|0| «0j| ^ejSf«q. M£J Oil H S*^D| ^ (TEA) 1mol/£ 
£] sqh o.36m£S S^rmSq- 3^ = o> 13^^ A|M^S!]qqoi|y drU§ e£|^^£fO|H 

(CpVCI. 3 ) 2| 5mmot/^ 2J H^£l 0 .4m£ £|| ^£|^l A (^1 £| g^S^Cil y ) S3| 0| e 

(Ph 3 CB(e 6 F5)j2| 2.5mmol/^2J M^^l 1 .2m«# ^P f e r I2. 40'C0||A| 30^^ok 4^o\ 

sq. y§ 2.6-q-t-^^- P -3aie# t, h ^m^ on&ge ^^is r oi yi§ sxiai^|32. n §dhs g 
^ai?i ^iTiefoi 40g£j =si^qqeu^ ^2jq. t,^6ii 12|. M£l^qqei!£ #a|oii 1-7 °j biinoji 1-221 

<4'A|0j| 1> 

3d #£l^qqeii2| A^|5: 

^qqeiif t/^oii i(40 8 cx30^)3} ^^'^ ^^^^ §t^ r «q. y§ e^^oii 300 Bg /£2| e# iJ^sf 

^ #¥eil 4.2m£. qOIISa^DlH ^^£t0| E(DEAC)2| Imol/ £ 2j l^g^ 4m£ ^ £11 0|^ 

(Co(0ct) 2 )2| 5mmol/^2| i?2[lg 0 J| 2m£# ^?fo r ^l. 4O'C0j|Ai 10^^^ . gAJS q. &s ^. 2.6-q-t- 

¥&-P-3aiee s^or^ oii^ee ^p r moi y§§ saiai^ih. zj gDH# ^^ai?i zn>imoi pbi 

^qqoye ^sq. §U H 1 °J 2011 qquiaq. . 
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<^A|01I 2> 

aS ^| 5: 

^tf ^. ^?^fe M l, h f? M¥2!(300»g/4 )^ 8.4nrf^ aSM|?fe fl|2|oHn^ ^A|0t| 12| 

xii^msQ. §w a s i si 2011 qqmsq. 

<±JA|0|| 3> 

aS MBI^EiqeLIBJ 7d|2S: 

mm ^. s:>isfe m ^ m^m3oom/z )m u\£!o\o\. buzs\ mm iP^fe urn n\s\mn^ mmoh i 

3f =SJ*J XflS^Sq. S 1 gi 20l| UEILHay. 

<^A|0|| 4> 

aS SB|.¥Efqoijo| 

^. ll^ofe e S^oH(300ng/i CH£!mO|. 10^3 HH IPlSfe *l|2|»Qfe £A|0|| 

I3f esm ^25 XII3ESISQ. SU" 13fb S 1 SI 20|| UE|LH2iq. 

<^A|0|| 5> 

aS SB|^Etq°H2| fl|£: 

^. aS y§ 5^o^ ^5|A|5| X1|2J6|32^ ^Al Oil 2£| ggjoj. ^^o^ XJISmSq. 

Safe H 1 si 20|| qqufSGK 
<^A|01l 6> 

aS #£|^EtCiei)^ JJI3&: 

^. as y§ ai^# s^o^ a^AiEJ m *\\2\o\^ ^aioii 321 ngog m^o\°iq. 

mm Safe H 1 Si 2011 UEILHSQ. 
<^A|0|| 7> 

aS #£|¥EfqeU^ X1I2S: ■ 

§ij ^. as a^ Aiz^g 15^0^ a^Ai^j 3ie xiisisna^ ^aioii 3^ egi^ xii^sq. 

^afe H 1 si 2011 qqm&q. 

<U|H0|| 1> 

SEI^qqeyni m^' 

^Etqgyg WS011 iat ^sj^ «JS(40*cx30^) gtmsq. ci§ ^sq g^Kttoi. stf log goj- 

*I^Sh£lQ(3*|| gtMIZJ: 40^). gS Safe H 1 Si 2011 UEKHSiq. 
<H|H0j| 2> 
#£|^E[C|et!°J M\^'- 

mm ^ 3W§ ^naipiMS %jmx\ p w fe ausisrafc. ^aioii iai gaie* xij^msq. 

Safe H 1 S! 2 Oil qqiH&q. 
[tJSOil 2] 
gig gB|¥Efq°HS| 

1.7*2EgaiQIM 2!§ XIStftR. A|^S^a|, 260m£ Si ¥Ehq°il 140m£# HySISQ. ^tf 

#011 ^ 6*£# ^^Sf2 ,30^§y I2a|6iac|. 20"C. 1 !7| A| ^4:^1^1 95m«gre ^ g I'^of^g ^ 

§S|0| 2M^a|0|«0|| '^^JS^aq. 3 q~ ^£|0l!Sgp^n|£(T£A)2| 1mol/*2| 20H 0.36m2M § 
?WHCF. 3^£) ay^f * Alg^SiqqOliy bm§ ^£IM^£t0|H(CpVCI 3 )2J Smnioj/jgSI 

0:42m£ S! eei'KIIW^Mte' g|ey?|^(^=^£SlIfl"y)ia!0re (Ph 3 GB(C 6 F 5 ) 4 )2i 2..5mmol/jj2| ■ s=o« 

1.25ra«g U^o^, 40'C0||Ai 30g^£! ^m£Q. ^. 2.6-q-1-^g-p-3ai 

mm i, h ^efe oii&mm. g^^oi aSl sXiaI^ih, z» §dhp e^ h Ai^ xiiTisioi 4ig2j ■■saiYEfq'oug 
22a. l, f S0ll 22j eai^Epq^-^ ^aioii. 8-1-1 si uj.aoil 3fi| ^Bi^qqei"^^ Z.^^P, 

<^'A|0|| 8> 

aS #£|.^Efq2«S| ii: ' 

¥EFC|£M# tTSOII 2(40"Cx30g)3| go^ojq. y§ ^t^MOll 300rag/^£| M# *i^o| 

~ 8.4m«. q0lli!^¥D|fe ^S£J0| H(0EAC)2| 1 mo!/ 9. SJ f ^§°-. H 2m5 Si ^gd|0|E 

(Co(0ct) 2 )2| Smmol/^oj psoyggH S^oJO! . 40°C0||A1 5^§of a^AISQ- ^§ ^. 2.6-q- 

i-^i'-P-aaiii t^^^fe oil see 'a^wot 'y§i sxiai^ih, n §dhm §^ai?i X4i>i e^oi # 

BI^EfqcHie mm 33fg a 3 si 40|| qEfLHaq. 

<^A|0|| 9> 

aS M£I¥E*Q2!^ XIJS: 

gf ^?isfe e M¥eLi(3oomg/i )e m^ asfAi^fe ^m n\^o\n^ ^aioii sai ^^ei 
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xnsmsQ. mm m2\s= b 3 °i 4011 uehhsq. 

<*JA|0tl 10> 

3S M£I "EIQ^L'SJ *J|3£: 

WISmaQ. H 3 40]| qqm^q. 

<*JA|0f| 11> 

C|0lli!gJ¥Olfe M^^OIH(DEAC)^ ggHoj ot o, a^£l|0| M(Co(0CT) 2 )2| M¥2!l g^j^l 

13^ S 3 SI 4 Oil 14E|LH£CK 

<bi moji 3> 

^qqeiie trsoii 22} e^m g>^(4o°cx 30^)0^ etmsq. qe ^ s^sioi . an§ 5^ §y 

Xl^^SqO^I 35^). §Et H 3 SI 4011 qqUISQ. 

[£hg0|| 3] 

nei^qqeu^J §tf: 

1.7,8 ^SMai0|M y# x|^o|2. AI5£«I|£! 260m* £J ^qqei' 140m*§ ^gm 3y5f«q. 

wcki M 5/^# %jmn 30^2} laaoisq. 2or. i^i^ohai ^-±ym\ ioom*°*# s*^ s^^s^is ^ 

%mo\ SSg9|0| «^0|] 3 a§ E£|0i|IJi^n|fe(TEA)°j 1 mo I / 4 2J 0.36m£M 

9?H*t&ct- 3gg°* a&Hf Ai^E^qoiiy t^q§ ^bim^£}oih(Cpvci 3 )^ 5mmoi/4£j e^eif ^ 

2» 0.5m£ SI EfiJEIiy ?|Ss ^ej5|^:(?1IE[M^S^niiy )sa|0|e (ph 3 C8(CsF 5 ) 4 )£| 2.5mmol/4 2| s^oy 
§°» 1.5m£# StfSE 40°C0i|A1 30^^ ^tfM y§ 2.6-q-t-^i]-p-5iai 

#e t^sfe ou&mm %?mw y§§ sxiai?ih. n §nHe e^Am xjmmoi 4o g °j #£i^qqen# 

££*q. £0is 3ie**2| ^aj^j gas H 60i| qqmsiq. usoii 39] M£l¥qqe«e ^ ai oil 12-162] 
§IS H£|^qqeii ei^shq. 

<4 l A10|| 12> 

as MEI-^qqeii^ 

20°C. UI^OIIAI =££21 §^Hf# 115urf^ ^mA|?|fe 3ie ^121^^2^ ifSOII 3Jl\ 192 

^ fHofSQ. ^tf^0][ 300ing/4 2] mm m^-V! 10mi. qO||iJg^D|£ «S*0| H(DEAC) 

2| 1»ol/4 2| § = o|isoH o.2m£ °J e||0| <^(Co(0ct) 2 ) £| 5mmol/ £ !2| 0.5m*e 

oi 40°coiiAi is^e^ 2)§e}«cf. *, 2.6-q-t-^i!-p-3ai#e ^H6|^ ou&^e g^Fmoi y§ 
m SXIAI^IJI. zi goHM g^A|?i ^!>iufaj as #£l¥qq°i!# H 5 °J 60|| qq 

m&q. 

<^A|0|| 13> 

^. 20°C. T^I^CHlAi ^§^J 4^^HFM 130m^ a^A|?|H. M (300ng/ 4 ) g CH^'SI" 

Oj 7^°| M ^^ho|Jl. DEAC^I f^oii soho| 0.5m£^ ^IM ^121^12^ *!AJ0}|. 122h = 

Ai|3sm2°:[Jl. gfj H 5 °J 60}| qqiH^cf. 

<^A|01| 14> 

aS #£]^E^qeL'^ 

1.74 2"£^2l|0|S 2.^ xl^miQ. AIM^^I^ 260m£ °{ ^qq^l! 140m£f§ ^J) U^BfSiq. Sti h 

^oii e g^pmii 30^^^ my^aq. 2o*c. i>i^oiiAj ^^ixii nom«gfg m 

§6|0| SSMaiO! «.^0|| ^^jmSq. D. C|§ es|01|^gi^n|fe(TEA)S| 1ijiol/^ £J g^l 0.36m^S 

§?hSFSP- 3Sg2f_-a«»©-*.. -AlgSffllEICrtliaH^g ea|^syo|S(CpVCI 3 )S| 5nol/lS| .- »TO § 
^ 0.5m€ °! Mejuiy?^^ e|| e ^ j| •idOEfS^SSWI y ) ^3101 e (PhaCBCCEFs^)^ 2.5mmpl / £ 2} S^ejl 

1.5me#. S^JS^, Str§£ 40°C0I|A| 30^ = 2) gff# ^^ofSQI- ?il C\y\. m 300iag/4 # ^^S^ 
^sofj 4.8rti£. q6i|^^^D|^ ^^q-0|H (0EAC)2J \m\f& 9\ §^ 0.1m* §a £f|0| ^ 

(Co(0ct) 2 )2|- Smmol/* 2| f foil g°i| 0.5m£M ^7\MO\ 40*C0j|A1 30^^2J a^^lSq. ^€ ^. 2.6-q- 

i-^m-p-3.tt\mm ^&m=.o\\mmm ^moi y§§ sxiai?i^i, □ ^oh# mmM^ nwo\o\ as m 

si^qqoiie 22?q. §^ 131b H 5 S! 6 oil qqLHsq. 

<4IA|0|| 15> 

as 5er¥E|qg!!2| 

^. 20°C, 17|^0J|Ai 140m£S as|A|5|^2, 1 tf« g^ojj (300n»g/ & ) # CHdoh 

oi su£°i mm %J\o\ii, DEAc^i ^ %m o.3m*^ amAi^ib xiisisna^ ^ ai oji hsi egj 
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<*JA|0j| 16> 

S3 MBI^Efqe!l2l 



. 8*£2] mm ^J\olH, DEAC2] f^f 0.5m£^ S^Al?!^ ^ISJo^b ^A|0J| 

ujgjog ^j|5^S2D1 . gfj- ^Sfe a 5 SI 6011 UEfUf&Q. 



mm 

152} 
l^0|| 4] 
§!£ ^£|«E|qoi|oj 

1 J & SS^aiOIS xl^miQ. A]H^*t]£! 260m£ ^ ¥Efq2! 140ntf# g2 2«|ofSP. ^U" 

eoii m 3og^ei ay^aci. 20-c. i7i°joi]Ai loom^e *ig s^of;^ 

^smoi sseejioi^^oii ^gjmsa. n a§ ^bi oii^^^di ^(tea)sj i m0 i/^2f M^eu §^ o.36m* 

m m?\G\2iQ. 3g^oi 2^ 3=> , A|^^2|BfC|0t|y BtUs ^^"g^^OI S(CpVCt 3 )Sj 5mmol/4 °] M¥2J 
go" 0.5ro£ °! MEjniiy^^fe Ej| e^5MrM£LIEJM¥2Smiy)Ma|0|E (PhaCBCCgFg)^ 2.5n»nio I / 1 2J ff 

°tt §^ I.Smtm ^J\o\H. §tt££ 40*C0i|Al 30^^ §£JM ^ot«q. Sl§ 2,6-q -t-^^-p-^ 
filing tJ^S^ 01|&ge ^^0} yff SAIA|5]^2. 3 gDHg glMI^ JIM St 01 42g2| M£J^E|qoi| 

e 22jq. Sch^I Mei^qqey^l esi^l 3§ ° s schi uehh&qk 2oi£J ^ei^qqeu^ ^saioji 
17-22^1 g£l¥E}qeyo^ 2_^^q. 

<^A|01l 17> 

S3 MSI "Efq?ll£| *||3E: 

^qqoye 20°C. 1?|^0||Ai ^i^HTM 110nrf^ ^A|3?|^ XWm^ tf30|| 4(40°Cx30 

^tWSjq. ^tJ-MCHI m Sf*. qOil^^^Dlfe ^^£|0| S(0EAC)^j 1™ol/ & 

f¥e«§^ 1 me ^ga|0| M(Co(0ct) 2 )°| 5mmol/££| #¥ei'g^ O.Sn^M %?mo\. 40°C01|Ai 15 

s^ei- yfsfSQ. ^. 2.6-q-t-^g- P -3aise ssmb oii^ee iPtmoi yg§ sxiai^ih. 

a goijg e^ f A|?i xiCH^oi S3 psi^qqoiig £ohq. gtl Mg s 7 aj 80i | qqLHSiq. 

<*JA|0|| 18> 

S3 MB|^qq°!i£] 

Al^rnsn. e& ^ 1.3-^qqeu 3ig(50m£)g S^msq. EtJ S^ir H 7 §J 80)| qqm 

<4'A|pl| 19> 

S3 Mei^qqeus] XII3E 

20°C. l^l^OllAi 130ntfS SmA|5>|^ 32^ fll^im^ ^A|0t| 17^ =gj*| 

AlimSia. g& ^ 1.3-^qqoy 62g(100m£)# ¥?^£^ S^hmSQ. ^Jl^ H 7 8 CHI qqm 

<^A|0|| 20> 

S3 pei^Eiqeu^l ah 5 

20°C. UI^OilAj ^i^^tire 100fn£^. M S¥eU (3O0iag/ ^ ) gQH . DEAC M^oy soh aj s 

^HeilOl^ S^ei!. 4.2m£. 0.1m£ 0.5m£g S^AI?^ X1|£im2^ ^ Af Oil 173h 

^S^S Aia«K21Q. §W H 7 °! 8011 UEhLH^q. 

<^A|01| 21> 

S3 MSl^qq^^l ^I3S: ■■ 

20°C. 1?m0U1 4^ii^^Hr# 105n^^ S^A|?|J2. ? ¥^°S 1.3-^E^qoij 31g(50m«)e 

§^F6^ X-||2im.3^ ^ Aj Off 20^ e^ 1 ^ §tf6hSq. §^ H 7 ^ 8011 

UEKH2iQ. 

<4'A|0j| 22> - 

"S3 #£l¥qq?li2j M^- 

20°C . UI^CHIAj 105m£^ SmA|?|2, ^ 1.3-^qqoil 62g(100m£) 

m ZiW -JJIfiWafe ^A|0l| 202f g^ 1 ^ gf^fsq. S 7 S! 8011 qqLH 



1) 





H 2 0 


OEAC 


Co (Oct)? 




y§ aizj . 






(mmol ) 


(mmo I ) 


( ummo 1 ) 


CO 


(^) 


(g) 


^A|0|| 1 


0.07. 


4 


10 


40 


10 


43 


^AjOJI 2 


0,14 


4 


10 


40 


10 


44 



12-9 



12-9 
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^A|01| 3 


0.28 


4 


TO 


40 


10 


45 


±JA|01| 4 


0.56 


4 


10 


40 


10 


44 




0.14 


4 


10 


40 


5 


40 


^A|01l 6 


0.28 


4 


10 


40 


5 


42 


^A|01| 7 


0.28 


4 


10 


40 


15 


40 


hi moil 1 


0 


0 


0 


40 


10 


47 


H| SOU 2 


0.28 


4 


0 


40 


10 


47 



2 J 





□ P0I3S 


En] 


Tcp 


ML, +4 


Tcp/ML| +4 


CF 
(rag/min) 


A| ± 




\\2- 


t^0]| 1 


87.6 


1.3 


11 .1 


2.30 


105.4 


35.1 


3.0 


28.2 


*U|0|| 1 


87.8 


0.8 


11:4 


2.31 


107.0 


40.8 


2.6 


14.7 


^A|0|| 2 


87.8 


0.9 


11 .3 


2.25 


96.4 


40.5 


2.4 


14.9 


*JA|Oj| 3 


87.6 


1.2 


11 .2 


2.40 


118.7 


55.9 


2.1 


3.9 


^ A| dl 4 


88.2 


1.3 


10.5 


2.03 


55.0 


50.6 


1.1 


1.7 


£JA|0|| 5 


87.8 


0.9 


11 .3 


2.21 


88.3 


37.7 


2.3 


17.6 


^A|0|| 6 


87.7 


1.0 


11 .3 


2.38 


118.1 


48.5 


2.4 


9.5 


^AIOII 7 


87.4 


1.4 


11 .2 


2.08 


63.6 


37.5 


117 


11.1 


hi noil 1 


87.5 


1.0 


11 .5 • 


2.38 


117.8 


37.8 


3.1 


24.1 - 


H| H0|| 2 


87.6 


1.1 


11 .3 


2.53 


146.6 


42.4 


.3.5 


. 17.6 



/"-£" 3] 





H 2 0 

(mmol ) 


DEAC 
(mmol) 


Co(0ct) 2 
(umol ) 


(°c) 


(^) 


(g) 


^A|0|| 8 


0.14 


2 


5 


40 


5 


42 


^A|01| 9 


0.28 


2 


.5 


40 


5 


47 


*JA|0{| 10 


0,44 


2 


5 


40 


5 


49 


^AJOII 11 


0.28 


1 


.2.5 


40 


5 


40 .. 


HIBOIJ 3 


0 


0 


0 


40 


5 


.45 



fM 4] 





0^013^ ?S(%) 


[a3 




Tcp 


ML, +4 


Tcp/MLi-4 


"CF . 
(mg/min) 


A|^ 




1.2- 


ih£0il 2 ■ 


87.6 


1.2 


11.2 


2 r 42 


126 t 0 


39.4 


3.2 


2Y.9- '. 


^A|0|| 8 


87.8 


0,8 


11.4 


2.47 


134.2 


48.1 


2.8 ■ 


11 .5 


^AIOII 9 


87.9 


0.9 


11.2 


2.49 


138.6 


59.9 


2.3 


3.0 


, 4'A|0f| 10 


87 ,9 


0.9 


11.2. 


2.50 


139.9 


67.9 


2.1 




4'AIOII 11 


87.8 


1.1 


11.1 


.2.23 


90.9 


45.9 


2.0 


6.4 


hi noil 3 


87.7 


0.8 


11 .5 


2.60 


158.3 


44.1 


3.6 


19.0 



in 5 j 





H 2 


H 2 0 


DEAC 


Co(0ct) 2 




ygAiei 








(mmo 1 ) 


(mmol) 


(umo 1 ) 


CO 




(g) 


4'AIOll 12 ■ 


115 


0.17 


0.2 


2.5 


40 


15 


43 



12-10 



12-10 



1=2001-0111018 



£JA|0|| 13 


130 


0.39 


0.5 


2.5 


40 


15 


48 


^A]0|] 14 


110 


0.08 


0.1 


2.5 


40 


30 


39 


£JA|0|| 15 


140 


0.28 


0.3 


2.5 


40 


30 


48 


UMOH 16 


140 


0.44 . 


0.5 


2.5 


40 


30 


43 



6] 





0|0|3^ =?3S(X) 


[ri] 


Tcp 


WL, +4 


Tcp/ML| +4 


CF 
(mg/min) 


. A\± 


EE £H ± 


1.2- 


tfgOII 3 


87.8 


1.0 


11.2 


2.49 


138.0 


39.2 


3.5 


24.8 


*JA|0I| 12 


88.3 


0.9 


10.8 


2.30 


103.9 


50.6 


2.1 


5.5 


^A|0I| 13 


88.1 


1.2 


10.7 


2.10 


68.6 


34.8 ■ 


2.0 


17.9 


6TAI0II 14 


87.3 


1.3 


11 .4 


2.36 


115.5 


38.5 


3.0 


21.8 


1=A|0i| 15 


88.0 


1.0 


11 .0 


2.31 


106.6 


45.3 


2.4 


9.9 


*!A|0|| 16 


87.6 


1.2 


11.2 


2.16 


78.3 


37.2 


2.:1 


15.9 



fM 7] 





H 2 

(m«) 




H 2 0 

(mmol ) 


OEAC 
(mmol ) 


Co(0ct) 2 
(umo I ) 




(g) 


^A|0l| 17 


110 


0 


0.33 


1 .0 


2.5 


15 ■ 


46 


4'A|0|| 18 


125 


31 


0.33 


1.0 . 


2.5 


15 


50 


*]A|01| 19 


130 


62 


0.33 


1 .0 


2.5 


15 


59 


*JA|Oj| 20 


100 


0 


0.07 


0.1 


. 2.5 


15 


48 


£JA|0]| 21 


105 


31 


0.07 


0.1 


2.5 


15 


50 


^A|0}| 22 


105 


62 


0.07 


0.1 


2.5 


15 


53 



[B 8] 







fa] 


Tcp 


ML, +4 ■ 


Tcp/MLt+4 


CF 
(mg/min) 


A\ ^ 




1.2- 


4 


87.8 


1.0 


11.2 


2.14 


74.4 


.26.1 


2:9 


59.3 • 


^ X| Oil 17 


88.7 


0.9 


10.4 


2.25 


95.3 


39.7 


2,4 


15:3 


•^A|0|| 18 


89 .7 


1.0 


9.3 


2.06 


61.5 


35.2 


. 1.7 


15.0 


4'A|0f| 19 


91 .0 


1.0 


8.0 


2.35 


113.2 


58.T 


1.9 


2.7 


4'A|01| 20 


88.2 


0.9 


10.9 . 


2.22 


89.8 


38.6 


.2.3 . 


16.1 


^ XI Oil 21 


89.1 


1.0 


9.9 


2.24 


92.3 . 


38.9 


2.4 


16.1 


^Al OII 22 . 


90.2 


1.0 


8.8 


.2.30 


104.5 


47.5 


2,2 


7.7 



££ r £rA1. m\0\)M ^S!! ^ tS§ qofo| ^ oi^OI g^Sfq. 3§§ ^ ^S^l 

§tl (spirit) §y S ? (scope) ^¥&l«1.0iy 3301 0fL|O|. %^0\2\ AUfgOli^l C|M 
^ ^g^S^SI ^^LHOII 3*>£|CH0^ £>Q. 

¥ 21 se* i.2-?5 i?^§>^^ j)-ai^ g>b as lej^qqeyoj d^oi^s 

01 q. 
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2.50|#2] Tcp/ML, +4 U|(Tcp; 25°C0||Al 5% 1^2] ML, +4 : 100°CO1|Aj ^L| 3£= 

xii i«joii 2joiA], £Pi #£i¥Efqeyoi soi^^oj mi^s^iig wka). si hihh?i3 moi^ 
^oi^h^ oi^oi^i o]^^ sh^mcbd sj ^¥Qi^<y(B2) g ^chs ^u(B)# t^m^ mmmm 

§?t> h 3 

XI! WOW 910\M. g?\ MBI^EfUeil^ S0| Di|&^d!§ S}SHfs(A). H|bH£l£ s0|£2fr gfOI 

Ol^OiS 0| 5^M(B1) . ^IMH 1~3 = ^4,£| ^?|^ 5[tli(C) °! g(0)g ^ 

X!l moil 2JOJAI. £PrS0l2^ ^DH^h SHJg(l) . -^^I^^DIfe S|-W^(2) °J ^(3)# *^o^ 

XII 1^011 °10\M. 3£! PB|^qqoil2] 25°C0||A| 5% M¥2LI g^JSJ §£(Tcp)2} 100'COIIAl g£ 
(ML 1+4) 2J bKTcp/MU^ 30|mgJM ^2S5fb 23 Mej^Efrqeil. 

6 

X1| IgfrOII 2>OjAi, 23 M^l^qqeil^J f£ #^0| 20ng/min □ I EJ" 0 el ^§2^^ £3 MBI¥Efqo«. 

S0|g^S| D|f&Sd!§ *f3ttfs(A). §J H|BH?i3 e0|8^ gfOJ^o^ 01^01^1 0|^3 mtJ#(B1) °! ^ 
^D|^£*(B2) § ^0j£ S[Lt(B)i t^m^ ^0H2lit 0|^Oj 25°C0i|Ai 5% g^j §£(Tcp)2| 100 

°C01I A] ^L|g£(ML 1+4 )^ H| (Tcp/ML^PI" 2.50|#°l £jg M£|^qq^# XU^ofb S3 : SI 

goi=^5 ^dhs §:nmoi 3?l MBJ^qqojie 23o^ g§# st^fe 31 # ^§°^fb 23 
#£|^qqoil2| xiis^a. 

§ =P1* 8 

StTO^ 3111 "S2So[^ 23 MBJVEfqoysi «i3E^a. 

xji 7^01] siq\m . goig^g mu\\j\ mm= mmmo). fMs*¥oi^ m&mm ^ mwm s-^si 
~ 5§ ^S2£of^ 23 Mq^qqera xiisgjs. 

10 

§H 1-3= ^^£] sHIM(C) SI g(0)# tJ^m±r ^DH^l^ 0|S«K)f 25 a CCH|A| 5% m^Vl g^l 

S£(Tcp)2f 100°COi[/1 ?U§£ (ML )+4 )£J B| (Tcp/ML, +4 ) 2.50|^ffl @m pej¥qq^l# Xjj^Slb SS: 

fS^U 11 

X1| logroll 2i CHAi . 20|^^ ^DH^l S^l- S SE^ ^01| ^rEK4S02| Si^CHS ^§f 

m=?% 12 

XII 1 OS Oil 2i0iA1. #7121 £}0|^ 2jDH^ (1) (2) fMg^Ofs- SPW^ Si (3) ^ 
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